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CROSSREFERENCB VO RELATED AFPLZCATZON8 
This application is a continuation-in-part of 
PCT/US95/01219, filad January 25, 1995, which Im m 
continuation-in-part of USSM 08/186,269, filad January 25, 
10 1994, both of which ara incorporatad by rafaranca in thair 
entirety for all purposes. 



TECHNICAL FIELD 

15 This invention relates generally to humanized antibodiea 

specific for the alpha-4 subunit of leukocyte adhesion aolecule 

VLA-4. 






BACKGROUND OF THE INVENTION 

20 Inflammation is a response of vascularized tissues to 

infection or injury and is effected by adhesion of leukocytes 
to the endothelial cells of blood vessels and their 
infiltration into the surrounding tissues. In normal 
inflammation, the infiltrating lexikocytes release toxic 

25 mediators to kill invading organisms, phagocytize debris and 
dead cells, and play a role in tissue repair and the immiuie 
response. However, in pathologic inflammation, infiltrating 
leukocytes are over-responsive and can cause serious or fatal 
damage. S0O, e.g., Hickey, PtfychonourolamunoJogy XJ (Academic 

30 Press 1990). 

The attachment of leukocytes to endothelial cells is 
effected via specific interaction of cell-surface ligands and 
receptors on endothelial cells and leukocytes. Sbb generally 
Springer, Nature 346:425-433 (1990). The identity of the 

35 ligands and receptors varies for different call subtypes, 
anatomical locations and inflammatory stimuli. The VLA-4 
leukocyte cell-s\urface receptor was first i'^'sntified by Hemler, 
EP 330,506 (1989) (incorporated by reference in its entirety 
for all purposes). VLA-4 is a member of the /3l integrin family 
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of call surface recept rs, aach of which coapriaaa <i and 0 
chains. VtJl*4 contains an a4 chain and a ^1 chain. VXiA-4 
spacifically binds to an sndothalial call ligand ternad VCAM-1. 
5aa Elicas at al.. Ceil 60:577-584 (1990) ( incorporatad by 
rafaranca in ita antiraty for all purposas)'* Although VCAM-1 
was first detacted on activated huaMin umbilical vain calls, 
this ligand has also baan datactad on brain andothalial calls. 
Sea coaoaonly o^nad, r:o«*panding application US Sar ial 
No. 07/871,223 ( incorporated by rafaranca in its antiraty for 
all p\izposas) • 

Adhesion nolecules such as VLA*4, are potential targets 
for therapeutic agents. The VlA-4 receptor is a particularly 
inportant target because of its interaction vith a ligand 
residing on brain endothelial cells* Diseases and conditions 
resulting from brain inflammation have particularly severe 
consequences. For example, one such disease, multiple 
sclerosis (MS) , has a chronic course (with or without 
exacerbations and remissions) leading to severe disability and 
death. The disease affects an estimated 250,000 to 350,000 
people in the United States alone. 

Antibodies against the VLA-4 receptor have been tested for 
their anti-inflammatory potential both in vitro and in vivo in 
animal models. Sea USSN 07/871,223 and YednocK et al*, Nature 
356:63-66 (1992) (incorporated by reference in its entirety for 
all purposes) • The in vitro experiments demonstrate that anti- 
VLA-'4 antibodies block attachment of lymphocytes to brain 
endothelial cells. The animal experiments test the effect of 
anti-VIjA-4 antibodies on animals having an artificially induced 
condition (experimental autoimmune encephalomyelitis) , 
simulating multiple sclerosis. The experiments show that 
administration of anti-VIiA-4 antibodies prevents inflammation 
of the brain and subsequent paralysis in the animals. 
Collectively, these experiments identify anti-VLA-4 antibodies 
as potentially useful therapeutic agents for treating multiple 
sclerosis and other inflammatory diseases and disorders. 

A significant problem with the anti-VLA-4 antibodies 
available to-date is that they are all of murine origin, and 
therefore likely to raise a human anti-mouse response (KAMA) in 
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clinical use. A HAMA response reduces the efficacy of s use 
antibodies in patients and pre^^ents continued administration. 
One approach to this problem is to humanize mouse antibodies. 
In this approach, complementarity determining regions (CDRs) 
and certain other amino acids from donor mouse variable regions 
are grafted into human variable acceptor regions and then 
joined to human constant regions. See, e*?*^ Riechmann et al., 
Nature 332:323-327 (1988); Winter, US 5,225,539 (1993) (each of 
which is incorporated by reference in its entirety for all 
purposes) . 

Although several examples of humanized antibodies have 
been produced the transition from a murine to a humanized 

antibody in s a cosp2.oai<«e of competing considerations, the 

solution varies with different antibodies. To 

minimize immunogenicity, the immunoglobulin should retain as 
much of the human acceptor sequence as possible. However, to 
retain authentic binding properties, the immunoglobulin 
freuttevork should contain sufficient substitutions of the human 
acceptor sequence to ensure a three-dimensional conformation of 
CDR regions as close as possible to that in the original mouse 
donor immunoglobulin. As a result of these competing 
considerations, many humanized antibodies produced to*date shov 
some loss of binding affinity compared with the corresponding 
murine antibodies from which they are derived. See, o*g*^ 
Jones et al., Nature 321:522-525 (1986); Shearman et al., «J. 
Xmmunoi. 147:4366-4373 (1991); Kettleborough et al.. Protein 
EnginBBring 4:773-783 (1991); Gorman et al., Proc. Natl. Acad. 
Sci. USA 88:4181-4185 (1991); Tempest et al.. Biotechnology 
9:266-271 (1991). 

Based on the foregoing it is apparent that a need exists 
for humanized anti-VLA-4 antibodies demonstrating a strong 
affinity for the VLA-4 receptor, while exhibiting little, if 
any, h\iman-antimouse response. The present invention fulfill 
this and other needs. 
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SUMMARY OP THE INVENTIOM 
Th« invention provides husanlzed Isaunoglobulins that 
specifically bind to a VIA-4 ligand. The huaanizad antibodias 
cosprisa a humanized light chain and a husanized heavy chain. 
The humanized light chain comprises three complementarity 
determining regions (CDRl, CDR2 and CDR3) having amino acid 
sequences from the corresponding complementarity determining 
regions of a mouse 21-6 immunoglobulin light chain, and a 
variable region framework from a human kappa light chain 
variable region framework sequence except in at least one 
position selected from a first group consisting of positions 
L45, L49, L58 and L69, wherein the amino acid position is 
occupied by the same amino acid present in the equivalent 
position of the mouse 21.6 immunoglobulin light chain variable 
region framework. The humanized heavy chain comprises three 
complementarity determining regions (CDRl, CDR2 and CDR3) 
having amino acid sequences from the corresponding 
complementarity determining regions of a souse 21-6 
immunoglobulin heavy chain, and a variable region framework 
from a human heavy chain variable region framework sequence 
except in at least one position selected from a group 
consisting of H27, H28, H29, K30, H44, H71, wherein the amino 
acid position is occupied by the same amino acid present in the 
equivalent position of the mouse 21-6 immunoglobulin heavy 
chain variable region framework. The immunoglobulins 
specifically bind to VLA-4 with an affinity having a lower 
limit of about lo'' M*^ and an upper limit of about five times 
the affinity of the mouse 21-6 immunoglobulin. 

Usually, the humanized light and heavy chain variable 
region frameworks are from REl and 21/28*CL variable region 
framework sequences respecwively. When the humanized light 
chain variable region framework is from REl, at least two 
framework amino acids are replaced. One amino acid is from the 
first group ot positions described supra. The other amino 
acids is from a third group consisting of positions L104, L105 
and L107. This position is occupied by the same amino acid 
present in the equiva^ . . position of a kappa light chain from 
a human immunoglobulin other than REl. 
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S me hu»anized inmunoglobulins hav a aatiure light chain 
variable region sequence designated La or Lb in Figure 6, or a 
nature heavy chain variable region sequence designated Ha, Hb 
or He in Figure 1. Preferred humanized immunoglobulins include 
S those having an La light chain and an Ha, Hb or He heavy chain. 

The invention also provides binding fragments of the 
humanised immunoglobulins against VLA-4 described supra. 

In another aspect, the invention provides nucleic acids 
encoding the humanized immunoglobulins against VLA*4 described 
10 mxxpr^. 

Also provided are computers programmed to display three 
dimensional images of the mouse 21.6 antibody or the humanized 
immunoglobulins described supra. 

In another aspect the invention provides pharmaceutical 

15 compositions and methods of treatment using the same. The 

pharmaceutical compositions comprise a humanized immunoglobulin 
or binding fragment as described supra, and a pharmaceutically 
acceptable carrier. In some methods of treatment a 
therapeutically effective amount of a pharmaceutical 

20 composition is administered to a patient suffering from an 
inflammatory disease, such as multiple sclerosis. 

Also provided are methods of detecting VLA-4 antigen using 
the humanized immunoglobulins and binding fragments described 
Buprm* In these methods, a humanized antibody or binding 

2b fragment is administered to a patient or a tissue sample 

therefrom. Complexes formed by specific binding between the 
antibody or fragment and VLA-4 present in the sample are 
detected. 

30 SRIEF DESCRIPTION OF FIGURES 

Figure l: DMA (Sf:Q. ID NO:l) and amino acid (SEQ. ID 
NO: 2) sequences of the mouse 21. S light chain variable region. 

Figure 2s DNA (SEQ. ID NO: 3) and amino acid (SEQ. ID 
NO: 4) sequences of the mouse 21.6 heavy chain variable region. 
35 Figure 3: Light (A) and heavy (5; chain expression 

vectors used to produce chimeric and resKaped human antibodies 
with human kappa light chains and human gamma-1 heav> chains in 
mammalian cells. 
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Pigur 4: ELISA comparison of chimeric and mouse 21.6 
antibody binding to L cells expressing human aAfiX integrin on 
their surface. 

Figure 5: Molecular model of the variable regions of 
5 mouse 21.6 antibody. Residues of special interest are 
labelled. 

Figure 6: Comparisons of the amino acid sequences of 
mouse and reshaped human 21.6 (SEQ. ID NO: 5) light chain 
variable regions. The amino acid residues that are part of the 

10 Chothia canonical sequences for the COR loop structures are 

marked with an asterisk. RBZ (SEQ. ZD NO: 6) shove the FRs and 
CDRs from the region of human REX light chain. La (SEQ. ID 
NO: 7) and Lb (SEQ. ID NO: 8) are the two versions of reshaped 
human 21.6 region. The residues in the FRs of La that differ 

15 from those in the REI sequence are underlined. In Lb, only the 
residues in the framework regions that differ from those of REI 
are shovn. 

Figure 7: Cosparisons of the amino acid sequences of the 
mouse and reshaped human 21.6 (SEQ. ID NO: 9) he^vy chain 

20 variable regions. The amino acid residues that are part of the 
canonical sequencee for the Chothia CDR loop structures are 
marked with an asterisk. 2*CL (SEQ. ID NO: 10) shows the FRs 
and CDRs from the V|, region of human 21/28 *CL antibody. Ha 
(SEQ. ID NO: 11), Hb (SEQ. ID NO: 12), and He (SEQ. ID NO: 13) are 

25 the three versions of reshaped human 21.6 region. The 
resldaes in the FRs of Ha that differ from those in the 
21/28 *CL sequence are underlined. In Kb and He, only the 
residues in the framework regions that differ from those of 
21/28 *CL are shown. 

30 Figure 8t PCR*based construction of version **a* of 

reshaped human 21.6 light chain variable region. The dotted 
lines indicate a complementary sequence of at least 21 bases 
between the primers. 

Figure 9: PCR-based construction of version "a** of 

3 5 reshaped human 21.6 heavy chain variable region. 

Figure 10: cDNA and amino acid sequences (SEQ. ID NOS: 14 
and 15) of the first version ("a**) of reshaped human 21.6 light 
chain variable region. 




Figure 11: DNA and aain acid sequ ncea (SEQ. ID NOS: 16 
and 17) of tha first varsion ("a") of rashaped huaan 21.6 heavy 
chain variabla rag ion. 

Figura 12: ELISA conparison of chiaaric and reshaped 
5 h\wan 21.6 antibodies to bind to L cells expressing hunan a4^1 
integrin on their surface. 

Figture 13: Comparison of aouse 21.6 antibody with a 
different anti*VLA-4 antibody, L25. Panel A cospares the 
ability of the antibodies to block binding of U937 ranocytlc 
10 cells to purified VCA-l in the presence and absence of Mn^*. 

Panel B coaparas the ability of the antibodies to block binding 
of Jurkat calls to increasing concentrations of VCAM-l. 

Figure 14: Delay of weight loss in aniaals treated with 
aouse or huaan 21.6 antibody. 
15 Figure 15: Reversal of clinical syaptoas in aniaals 

treated with aouse or huaan 21.6 antibody. 

Figure 16: Reversal of weight loss in animals treated 
with aouee or huaan 21.6 antibody. 

20 DEFINITIONS 

Abbreviations for the twenty naturally occurring aaino 
acids follow conventional usage {Immunology - A Synthesis (2nd 
ed., E.S. ColUA> 6 D.R. Cren, eds., Sinauer Associates, 
Sunderland, MA, 1991)). Stereoisoaers (e.g.^ D-aaino acids) of 

25 the twenty conventional aaino acids, unnatural amino acids such 
as a, a -di substituted aaino acids, N-alkyl aaino acids, lactic 
acid, and other unconventional aaino acids aay also be suitable 
coaponents for polypeptides of the present invention. Ex&aples 
of unconventional aaino acids include: 4*hydroxyproline, 

30 carboxyglutaaate, e-N,N, N-triaethyllysine, c-N-acetyl lysine, O- 
phoBphooerine, N^acetylserine, N«-foraylaethionine, 3«- 
aethylhistidine, 5-hydroscy lysine, «#*N-*aethylarginine, and other 
siailar aaino acids and iaino acids (e.g., 4-hydroxyproline) • 
Moreover, aaino acids aay be aodified by glycosylation, 

35 phosphorylation and the like. 

In the polypeptide notation used herein^ the lefthand 
direction ia the aaino terainal direction and the righthand 
direction is the carboxy-terainal direction, in accordance with 
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standard usage and convention. Similarly^ unless specified 
otherwise, the lefthand end of single-stranded polynucleotide 
sequences is the 5' end; the lefthand direction of double- 
stranded polynucleotide sequences is referred to as the 5* 

5 direction. The direction of 5 • to 3* addition of nascent RNA 
transcripts is referred to as the transcription direction; 
sequence regions on the DMA strand having the same sequence as 
the RNA and which are 5» to the 5» end of the RNA transcript 
are referred to as "upstream sequences"; sequence regions on 

10 the DNA scrand having the same sequence as the RNA and which 
are 3« to the 3» end of the RNA transcript are referred to as 
"downstream sequences." 

The phrase "polynucleotide sequence" refers to a single or 
double-stranded polymer of deoxyribonucleotide or 

15 ribonucleotide bases read from the 5» to the 3» end. It 

includes self -replicating plasmids, infectious polymers of DNA 
or RNA and non-functional DNA or RNA. 

The following terms are used to describe the sequence 
relationships between two or more polyrucleotides: "reference 

20 sequence", "comparison window", "sequence identity", 

"percentage of sequence identity", and "substantial identity". 
A "reference sequence" is a defined sequence used as a basis 
for a sequence comparison; a reference sequence may be a subset 
of a larger sequence, for example, as a segment of a full- 

25 length CDNA or gene sequence given in a sequence listing, such 
as a polynucleotide sequence of Figs, t or 2, or may comprise a 
complete DNA or gene sequence. Generally, a reference sequence 
is at least 20 nucleotides in length, frequently at least 25 
nucleotides in length, and often at least 50 nucleotides in 

30 length. Since two polynucleotides may each (1) comprise a 
sequence (i.e.^ a portion of the complete polynucleotide 
sequence) that is similar between the two polynucleotides, and 
(2) may further comprise a sequence that is divergent between 
the two polynucleotides, sequence comparisons between two (or 

35 more) polynucleotides are typically performed by comparing 

sequences of the two polynucleotides over a "comparison window" 
to identify and compare local regions of sequence similarity. 
A "comparison window", as used herein, refers to a conceptual 



» - ^ - 






11 

For purposes f classifying amino acids substituti ns as 
conservative or nonconaervative, amino acids are grouped as 
follows: Group I (hydrophobic sidechains) : nor leucine, met, 
ala, val, leu, ile; Group II (neutral hydrophilic side chains): 
5 cys, ser, thr; Group III (acidic side chains): asp, glu; Group 
IV (basic side chains) : asn, gin, his, lys, arg; Group V 
(residues influencing chain orientation) : gly, pro; and 
Group VI (aromatic side chains): trp, tyr, phe« Conservative 
substitutions involve substitutions betveen amino acids in the 

10 same class. Non^conservative substitutions constitute 
exchanging a member of one of these classes for another. 

Amino acids from the variable regions of the mature heavy 
and light chains of immunoglobulins are designated Hx and Lxx 
respectively, where x is a number designating the position of 

15 an amino acids according to the scheme of Xabat et al.. 

Sequences of ProtBlna of Immunological Interost (National 
Institutes of Health, Bethesda, MD (1987) and (1991)) 
(hereinafter collectively referred to as "Kabat et al.,*" 
incorporated by reference in their entirety for all purposes) • 

20 Kabat et al. list many amino acid sequences for antibodies for 
each subclass, and list the most commonly occurring raino acid 
for each residue position in that subclass. Kabat et al* use a 
method for assigning a residue number to each amino acid in a 
listed sequence, and this method for assigning residue numbers 

25 has become standard in the field. Kabat et al.*s scheme is 
extendible to other antibodies not included in the compendium 
by aligning the antibody in question with one of the consensus 
sequences in Kabat et al. The use of the Kabat et al. 
niimbering system readily identifies amino acids at equivalent 

30 positions in different antibodies. For example, an amino acid 
at the L50 position of a human antibody occupies the 
equivalence position to an amino acid position L50 of a mouse 
antibody. 
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DETAILED DESCRIPTION 

I. Hwaaniggd Antlb9<ligg Spegjgjg in 

In one oabodiment of the invention, huaanized 
immunoglobulins (or antibodies) specific for the alpha'4 
subunit of VLA-4 are provided. The humanized immunoglobulins 
have variable framevorlc regions substantially from a human 
immunoglobulin (termed an acceptor isosunoglobulin) and 
complementarity determining regions substantially from a mouse 
immunoglobulin termed mu MAb 31.6 (referred to as the donor 
imm\inoglobulin) • The constant region (s), if present, are also 
substantially from a human immunoglobulin. The humanised 
antibodies exhibit a specific binding affinity for VlA-4 of at 
least lo'', 10®, 10^' ®' 10^** H"^. Usually the upper limit of 
binding affinity of the humanized antibodies for VIA-4 is 
within a factor of three or five of that of mu MAb 21.6 (about 
10^ ir^). Often the lover limit of binding affinity is also 
within a factor of three or five of that of mu KAb 21. 6 • 

A. General Characteristics of Immunoglobulins 
The basic antibody structural unit is known to comprise a 
tetramer. Each tetramer is composed of t%ro identical pairs of 
polypeptide chains, each pair having one *'light** (about 25 )cDa) 
and one "heavy" chain (about 50-70 kDa) . The amino-terminal 
portion of each chain includes a variable region of about 100 
to 110 or more amino acids primarily responsible for antigen 
recognition. The car boxy- terminal portion of each chain 
defines a constant region primarily responsible for effector 
function. 

Light chains are classified as either kappa or lambda. 
Heavy chains are classified as gamma, mu, alpha, delta, or 
epsilon, and define the antibody's isotype as IgG, IgM, IgA, 
IgD and IgE, respectively. Within light and heavy chains, the 
variable and constant regions are joined by a "J" region of 
about 12 or more amino acids, with the heavy chain also 
including a "D" region of about 10 more amino acids. fSee 
generally. Fundamental Immunology (Paul, W. , ed., 2nd ed. Raven 
Press, N.y., 1989), Ch. 7 (incorporated by reference in its 
entirety for all purposes) • 



10 



15 



20 



25 



30 



35 



13 

The variable regi ns f each light/heavy chain pair form 
the antibody binding site. The chains all exhibit the sane 
general structure o£ relatively conserved framework regions 
(FR) joined by three hypervariable regions, also called 
complementarity determining regions or CDRs. The CDRs from the 
two chains of each pair are aligned by the framework regions, 
enabling binding to a specific epitope. CDR and FR residues 
are delineated according to the standard sequence definition of 
Kabat et al., supra. An alternative structural definition has 
been proposed by Chothia et al., J. Hoi. Biol. 196:901-917 
(1987); Nature 342:878-883 (1989); and J. Mol. Biol. 186:651- 
663 (1989) (hereinafter collectively referred to as "Chothia et 
al." and incorporated by reference in their entirety for all 
purposes) . When framework positions, as defined by Kabat et 
al., supra, that constitute structural loop positions as 
defined by Chothia et al., supra, the amino acids present in 
the mouse antibody are usually incorporated into the humanized 
antibody. 

ft, Pyo<tuetj ftn of Hun»*^<g^<i Antibodies 
n> MAb 21.6 

The starting material for production of humanized 
antibodies is mu MAb 21.6. The isolation and properties of 
this antibody are described in USSM 07/871,223. Briefly, mu 
MAb 21.6 is specific for the alpha-4 subunit of VlA-4 and has 
been shown to inhibit human lymphocyte binding to tissue 
cultures of rat brain cells stimulated with tumor necrosis 
factor. The cloning and sequencing of COMA encoding the mu MAb 
21.6 antibody heavy and light chain variable regions is 
described in Example 1, and the nucleotide and predicted amino 
acids sequences are shown in Figures I and 2. These figures 
also illustrate the subdivision of the amino acid coding 
sequencing into framework and complementarity determining 
domains. From M-terminal to C-terminal, both light and heavy 
chains comprise the domains FRl, CDRl, FR2, CDR2, FR3, CDR3 and 
FR4. The assignment of amino acids to each domain is in 
accordance with the numbering convention of Kabat et al., 
supra • 
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f2^ seiftciiion of Hunan Antibodies to Sm»lY Fraaworfc 
Reaiduaa 

Tha substitution of aouss CDRs into a huMn variabls 
donain framawork is aost liJcaly to rasult in ratsntion of thair 
5 correct spatial orientation if tho human variable dosain 

frameworK adopta the aame or similar conformation to the mouse 
variable framework from which the CORs originated. This is 
achieved by obtaining the human variable domains from human 
antibodies whose framework sequences exhibit a high degree of 

10 sequence identity with the murine variable framework domains 
from which the CDRs were derived. The heavy and light chain 
variable framework regions can be derived from the same or 
different human antibody sequences. The human antibody 
sequences can be the sequences of naturally occurring human 

15 antibodies or can be consensus sequences of several human 
antibodies. See Kettleborough et al.. Protein Engineering 
4:773 (1991); Kolblnger et al.. Protein Engineering 6:971 
(1993) . 

Suitable human antibody sequences are identified by 
20 computer comparisons of the ulno acid sequences of the mouse 
variable regions with the sequences of known human antibodies. 
The comparison is performed separately for heavy and light 
chains but the principles are similar for each. This 
comparison reveals that the mu 21.6 light chain shows greatest 
25 sequence identity to human light chains of subtype kappa 1, and 
that the mu 21.6 heavy chain shows greatest sequence identity 
to human heavy chains of subtype one, as defined by Kabat et 
al., Bupre. Thus, light and heavy human framework regions are 
usually derived from human antibodies of these subtypes, or 
30 from consensus sequences of such subtypes. The preferred light 
and heavy chain human variable regions showing greatest 
sequence Identity to the corresponding regions from mu HAb 21.6 
are from antibodies REl and 21/28 *CL respectively. 

35 (3^ Computer Modelling 

The unnatural juxtaposition of murine COR regions with 
human variable framework region can result in unnatural 
conformational restraints, which, unless corrected by 
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substitution f certain anino acid residues, lead to loss f 
binding affinity. The eel cti n f a»in acid residues for 
substitution is determined, in part, by computer modelling* 
computer hardware and software for producing three-dimensional 
5 images of immunoglobulin molecules are widely available. In 
general, molecular models are produced starting from solved 
structures for immunoglobulin chains or domains thereof. The 
chains to be modelled are compared for amino acid sequence 
similarity with chains or domains of solved three dimensional 

10 structures, and the chains or domains showing the grsatest 
sequence similarity is/are selected as starting points for 
construction of the molecular model. For example, for the 
light chain of mu MAb 21.6, the starting point for modelling 
the framework regions, CORX and CDR2 regions, was the hiiman 

15 light chain REl. For the CDR3 region, the starting point was 
the CDR3 region from the light chain of a different husM 
antibody HyHEL-5. The solved starting structures are modified 
to allow for differences between the actual amino acids in the 
immunoglobulin chains or domains being modelled, and those in 

20 the starting structure. The modified structures are then 

assembled into a composite immiinoglobulin. Finally, the model 
is refined by energy minimization and by verifying that all 
atoms are within appropriate distances from one another and 
that bond lengths and angles are within chemically acceptable 

25 limits. Example 4 discusses in more detail the steps taken to 
produce a three dimensional computer model for the variable 
regions of the mu MAb 21.6, and the model is shown in Figure 5. 
This model can in turn serve as a starting point for predicting 
the three-dimensional structure of an antibody containing the 

30 mu MAb 21.6 complementarity determining regions substituted in 
hiunan framework structures. Additional models can be 
constructed representing the structure when further amino acid 
substitutions to be discussed infra, are introduced. 

35 rd^ substitutiion of Amino Acid Residues 

As noted supra, the humanized antibodies of the invention 
comprise variable framework regions substantially from a human 
immunoglobulin and complementarity determining regions 
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acids are typical of htanan immunoglobulin at the eqpaivalant 
positions • 

In general, substitution of all or most of tha amino acids 
fulfilling the above criteria is desirable. Occasionally, 
however, there is some ambiguity about whether a particular 
amino acid meets the above criteria, and alternative variant 
immunoglobulins are produced, one of which has that particular 
substitution, the other of which does not. The humanized 
antibodies of the present invention will usually contain a 
substitution of a hximan light chain framework residue with a 
corresponding mu KM» 21.6 residue in at least 1, 2 or 3, and 
more usually 4, of the following positions: L45, L49, hSB and 
L69. The humanized antibodies also usually contain a 
substitution of a human heavy chain framework residue in at 
least 1, 2, 3, 4, or 5, and sometimes 6, of the following 
positions: H27, H28, H29, H30, H44 and H71. Optionally, H36 
may also be substituted. In preferred embodiments when the 
human light chain acceptor immunoglobulin is REl, the light 
chain also contains substitutions in at least 1 or 2, and more 
usually 3, of the following positions: L104, L105 and L107. 
These positions are substituted with the amino acid from the 
equivalent position of a human immunoglobulin having a more 
typical amino acid residues. Appropriate amino acids to 
substitute are shorn in Figures 6 and 7. 

Usually the CDR regions in humanized antibodies are 
substantially identical, and more usually, identical to the 
corresponding CDR regions in the mu HAb 21.6 antibody. 
Occasionally, however, it is desirable to change one of the 
residues in a CDR Legion. For example. Example 5 identifies an 
amino acid similarity between the mu MAb 21.6 CDR3 and the 
VCAM-1 ligand. This observation suggests that the binding 
affinity of humanized antibodies might be improved by 
redesigning the heavy chain CDR3 region to resemble VCAM-1 even 
more closely. Accordingly, one or more amino acids from the 
CDR3 domain can be substituted with amino acids from the VCAM-1 
binding domain. Although not usually desirable, it is 
sometimes possible to make one or more conservative amino acid 
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substituti ns of CDR residues with ut appreciably affecting the 
binding affinity of the resulting humanized inaunoglobulin. 

Other than for the specific amino acid substitutions 
discussed above, the framework regions of humanized 
immunoglobulins are usually substantially identical, and more 
usually, identical to the framework regions of the human 
antibodies from which they were derived* Of course, many of 
the amino acids in the framework region make little or no 
direct contribution to the specificity or affinity of an 
antibody. Thus, many individual conservative substitutions of 
framework residues can be tolerated without appreciable change 
of the specificity or affinity of the resulting humanized 
immunoglobulin. However, in general, such siibstitutions are 
undesirable. 

fSI Production ef Variable Regions 
Having conceptually selected the CDR and framework 
components of humanized immunoglobulins, a variety of methods 
are available for producing such immunoglobulins. Because of 
the degeneracy of the code, a variety of nucleic acid sequences 
will enc^e each immunoglobulin amino acid sequence. The 
desired nucleic acid secfuences can be produced by dm novo 
8olid*phase DHA synthesis or by PGR mutagenesis of an earlier 
prepared variant of the desired polynucleotide. 
Oligonucleotide-mediated mutagenesis is a preferred method for 
preparing substitution, deletion and insertion variants of 
target polypeptide DMA. See Adelman et al., DHA 2:183 (1983). 
Briefly, the target polypeptide DMA is altered by hybridizing 
an oligonucleotide encoding the desired mutation to a single-* 
stranded DMA template. After hybridization, a DMA polymerase 
is used to synthesize an entire second complementary strand of 
the template that incorporates the oligonucleotide primer, and 
encodes the selected alteration in the target pv'ilypeptide DMA. 

selection of Constant Region 
The variable segments of hu!a.iinized antibodies produced as 
described supra are typically linked to at least a portion of 
an immunoglobulin constant region (Fc), typically that of a 
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human immunoglobulin. Human c nstant regi n DMA s quences can 
be isolated in accordance with well-taiown procedures from a 
variety of human cells, but preferably immortalized B-cells 
(see Kabat et al-, supra^ and WO87/02671) (each of which is 
incorporated by reference in its entirety for all purposes), 
ordinarily, the antibody will contain both light chain and 
heavy chain constant regions. The heavy chain constant region 
usually includes CHl, hinge, CH2, CH3, and CH4 regions. 

The humanised antibodies include antibodies having all 
types of constant regions, including IgM, IgG, IgD, igA and 
IgE, and any isotype, including igGl, lgG2, IgG3 and IgG4. 
When it is desired that the humanized antibody exhibit 
cytotoxic activity, the constant domain is usually a 
complement-f ixing constant domain and the class is typically 
IgCj. When such cytotoxic activity is not desirable, the 
constant domain may be of the IgGj class. The humanized 
antibody may comprise sequences from more than one class or 
isotype. 

gvoraasion Systems 
Nucleic acids encoding humanized light and heavy chain 
variable regions, optionally linked to constant regions, are 
inserted into expression vectors. The light and heavy chains 
can be cloned in the same or different expression vectors. The 
DMA segments encoding immunoglobulin chains are operably linked 
to control sequences in the expression vector (s) that ensure 
the expression of immunoglobulin polypeptides. Such control 
sequences include a signal sequence, a promoter, an enhancer, 
and a transcription termination sequence. Expression vectors 
are typically replicable in the host organisms either as 
episomes or as an integral part of the host chromosomal DNA. 
commonly, expression vectors will contain selection markers, 
e.g., tetracycline or neomycin, to permit detection of those 
cells transformed with the desired DNA sequences (see, e.g., 
U.S. Patent 4,704,362.) 

coli is one prokaryotic host useful particularly for 
cloning the polynucleotides of the present invention. Other 
microbial hosts suitable for use include bacilli, such as 
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Bacillus sui>tiius, and ther enterobacterlac ae, »uch s 
SttlmonBlla, Serrmtia, and various Pseudomonaa species, in 
these prokaryotic hosts, one can also aalce expression /-^ctors, 
which will typically contain expression control sequ^ ces 
5 compatible with the host cell (e.g., an origin of repi ication) . 
In addition, any number of a variety of well-known promoters 
will be present, such as the lactose promoter system, a 
tryptophan (trp) promoter system, a beta-lactamase promoter 
system, or a promoter system from phage lambda. The promoters 
10 will typically control expression, optionally with an operator 
sequence, and have ribosome binding site sequences and the 
like, for initiating and completing transcription and 
translation. 

other microbes, such as yeast, may also be used for 

15 expression. Saccharomyces is a preferred host, with suitable 
vectors having expression control sequences, such as promoters, 
including 3-phosphoglycerate kinase or other glycolytic 
enzymes, and an origin of replication, termination sequences 
and the like as desired. 

20 In addition to microorganisms, mammalian tissue cell 

culture may also be used to express and produce the 
polypeptides of the present invention (see Hinnacker, From 
Genes to Clones (VCH Publishers, N.Y., N.Y., 1987). Eukaryotic 
cells are actually preferred, because a number of suitable host 

25 cell lines capable of secreting intact immunoglobulins have 
been developed in the art, and include the CHO cell lines, 
various Cos cell lines, HeLa cells, preferably myeloma cell 
lines, or transformed B-cells or hybridomas. Expression 
vectors for these cells can include expression control 

30 sequences, such as an origin of replication, a promoter, and an 
enhancer (Queen et al., Immunol. Rev. 89:49-68 (1986)), and 
necessary processing information sites, such as ribosome 
binding sites, RNA splice sites, polyadenylation sites, and 
transcriptional terminator sequences. Preferred expression 

35 control sequences are promoters derived from immunoglobulin 
genes, SV40, adenovirus, bovine papilloma virus, 
cytomegalovirus and the like. 
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The vect rs c ntalning the polynucle tido sequences of 
interest (e.gr. , the heavy and light chain encoding sequences 
and expression control sequences) can be transferred into the 
host cell by well-known methods, which vary depending on the 
type of cellular host. For example, calcium chloride 
transfect^on is commonly utilised for prokaryotic cell^. 
whereas c p> sphate treatment or electroporatior - be 

used for ot iiular hosts. (See gBnmrally SambrooK et al.. 

Molecular Cloi. /: A Laboratory Manual fCold Spring Harbor 
Press, 2nd ed., 1989) (incorporated by reference in its 
entirety for all purposes). When heavy and light chains ar<^ 
cloned on separate expression vectors, the vectors ere co- 
transfected to obtain expression and assembly of Intact 
immunoglobulins • 

once expressed, the whole antibodies, their dimers, 
individual light and heavy chains, or other Imnunoglobulin 
forms of the present invention can be purified according to 
standard procedures of the art, including ammonium sulfate 
precipitation, affinity columns, column chromatography, gel 
electrophoresis and the like (see generally Scopes, Protein 
Purification (Sprlnger^Verlag, N.Y., 1982). Substantially pure 
immunoglobulins of at least about 90 to 95% homogeneity are 
preferred, and 98 to 99% or more homogeneity most preferred, 
for pharmaceutical uses. 

c, Fracnnenta of Humanized Antibodies 
In another embodiment of the invention, fragments of 
humanized antibodies are provided. Typically, these fragments 
exhibit specific binding to the viA-4 antigen with an affinity 
of at least 10^ IT^, and more typically 10® or 10^ H"^. 
Humanized antibody fragments include separate heavy chains, 
light chains Fab, Fab' F(ab')2# Fabc, and Fv. Fragments are 
produced by recombinant DNA techniques, or by enzymlc or 
chemical separation of intact immunoglobulins. 
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Til H"'''^^*« Aeld« 

Th« huaanlr«d antibodies and fraqMnts tharaof ar* usually 
produced by expression of nucleic acids. All nucleic acids 
encoding a hunanized antibody or m fra«Mnt thereof described 
5 in this application are expressly included in the invention. 



TIT. CeaputBrs 

In another aspect of the invention, ceaputers proqri 
to display three dinensional iaages of antlbodlee on m aoniter 
are provided. For exaaple, a Silicon Graphics IRIS 40 
workst,ation running under the UNIX operating systea and using 
the nolecular eodelling package QUANTA (Polygon Corp. USA) is 
suitable. Conputers are useful for visualizing aodals of 
variants of huaanized antibodies. In general, the antibodies 
of the invention already provide satisfactory binding affinity. 
However, it is liKely that antibodies with even stronger 
binding affinity could be identified by further variation of 
certain aaino acid residues. The three diaensional iaage will 
also identify many noncritical aaino acids, which could be the 
subject of conservative substitutions without appreciable 
affecting the binding affinity of the antibody. Collectively 
even conservative substitutions can have a significant effect 
on the properties of an iMunoglobulin. However, it is likely 
nany individual conservative substitutions will not 
significantly inpair the properties of the inunoglobulins. 



TV, Testing Huip anized Antibodies 

The humanized antibodies of the invention are tested by a 
variety of assays. These include a ainple binding assay for 
detecting the existence or strength of binding of an antibody 
to cells bearing the VlA-receptor - The antibodies are also 
tested for their capacity to block the interaction of cells 
bearing the VLA-4 receptor with endothelial cells expressing a 
VCAM-1 ligande The endothelial cells may be grow and 
stimulated in culture or may be a component of natxarally 
occurring brain tissue sections. See Vednock et al., supra, 
and USSN 07/871,223. The humanized antibodies a:e also tested 
for their capacity to prevent or reduce inflammar: and 
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subsequent paralysis in laborat ry anisals having sxperiasntal 
autoimauna ancephal myalitis (BAE). EAB is induesd by 
injection of a laboratory aniaal with CD4* T-cells specific for 
myelin basic protein or by directly inunising eniaals with 
myelin basic protein. This protein is localised in the centrel 
nervous system, and the reactive T-cells initiate destruction 
of sheaths containing this protein in a manner that simulates 
the autoimmune response in multiple sclerosis. See Yednock et 
al., sui^a, and copending USSN 07/071,223. 

V. PharmMeaufeieal Compositions 

The invention provides pharmaceutical compositions to be 
used for prophylactic or therapeutic treatment comprising an 
active therapeutic agent, i.m., a humanised 21.6 antibody or a 
binding fragment thereof, and a variety of other components. 
The preferred form depends on the intended mode of 
administration and therapeutic application. The compositions 
can also include, depending on the formulation desired, 
pharmaceutically-acceptable, non-toxic carriers or diluents, 
which are defined as vehicles commonly used to formulate 
pharmaceutical compositions for animal or human administration. 
The diluent is selected so as not to affect the biological 
activity of the combination. Examples of such diluents are 
distilled water, physiological phosphate-buffered saline. 
Ringer's solutions, dextrose solution, and Hank's solution. In 
addition, the pharmaceutical composition or formulation may 
also include other carriers, adjuvants, or nontoxic, 
nontherapeutic, nonimmunogenic stabilisers and the like. 

For parenteral administration, the antibodies of the 
invention can be administered as injectionable dosages of a 
solution or suspension of the substance in a physiologically 
acceptable diluent with a pharmaceutical carrier which can be a 
sterile liquid such as water and oils with or without the 
addition of a surfactant and other pharmaceutical ly 
preparations are those of petroleum, animal, vegetable, or 
synthetic origin, for example, peanut oil, soybean oil, and 
mineral oil. In general, glycols such as propylene glycol or 
polyethylene glycol are preferred liquid carriers, particularly 
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for injectable s lutlons. Th antibodl s of this Invention can 
be administered in the form of a depot injection or implant 
preparation which can be formulated in euch a manner am to 
permit a sustained release of the active ingredient. A 
preferred composition comprises monoclonal ancibody at 5 mg/mL, 
formulated in aqueous buffer consisting of 50 wM L-hlstidine, 
150 mM NaCl, adjusted to pH 6.0 with HCl. 

VT. Methods of Diagnosis 

The humanized antibodies and their binding fragments are 
useful for detecting the presence of cells bearing the 
receptor. The presence of such cells in the brain is 
diagnostic of an inflammatory response and may signal the need 
for commencement of a therapeutic method discussed Infrm. 
Diagnosis can be accomplished by removing a cellular saa^le 
from a patient. The amount of expressed VIA-4 antigen in 
individual cells of the sample is then determined, e.g., by 
immunohistochemical staining of fixed cells or by Western 
blotting of a cell extract with a humanized MAb 21.6 antibody 
or a binding fragment thereof. 

Diagnosis can also be achieved by in vivo administration 
of a labelled humanized HAb 21.6 (or binding fragment) and 
detection by in vivo imaging. The concentration of humanized 
MAb 21.6 administered should be sufficient that the binding to 
cells having the target antigen is detectable compared to the 
background signal. The diagnostic reagent can be labelled with 
a radioisotope for camera imaging, or a paramagnetic isotope 
for magnetic resonance or electron spin resc.iance imaging. 

A change (typically an increase) in the level of VIA-4 
protein in a cellular sample or imaged from an individual, 
which is outside the range of clinically established normal 
levels, may indicate the presence of an undesirable 
inflammatory response reaction in the individual from whom the 
sample was obtained, and/ or indicate a predisposition of the 
individual for developing (or progressing through) such a 
reaction. VIA-4 protein can also be employed as a 
differentiation mar)cer to identify and type cells of certain 
lineages and developmental origins. Such cell-type specific 



25 

detectl n can bo used for hiatopathological diagnosis of 
undesired lamune resp nses. 



VTT. Me1; ^.iodB of Treatasnt 

The invention also provides methods of treatment that 
exploit the capacity of humanized MAb 21.6 to block o4- 
dependent interactions of the VlA-4 receptor. The a4-dependent 
interaction of the VlA-4 receptor with the VCAM-l llgand on 
endothelial cells is an early event in many inflammatory 
responses, particularly those of the central nervous system. 
Undesired diseases and conditions resulting from inflammation 
of the central nervous system having acute clinical 
exacerbations include multiple sclerosis (Yednoek et al., 
Nature 356, 63 (1992); Baron et al., J". Sxp. Med. 177, 57 
(1993)), meningitis, encephalitis, strolce, other cerebral 
traumas, inflammatory bowel disease (Hamann et al., J. Immunol. 
152, 3238 (1994)), ulcerative colitis, Crohn's disease, 
rheumatoid arthritis (van Dinther-Janssen et al., J. Zammol. 
147, 4207 (1991); van Dinther-Janssen et al., Annals Jlheumatie 
Diaeasms 52, 672 (1993); Elices et al., J. Clin. Jnvest. 93, 
405 (1994); Postigo et al., J. Clin. Invest. 89, 1445 (1992), 
asthma (Mulligan et al., J^. Jaununol. 150, 2407 (1993)) and 
acute juvenile onset diabetes (Type 1) (Yang et al., PttAS 90, 
10494 (1993); Burlely et al., i7iab^tes 43, 529 (1994); Baron et 
al., J. Clin, invest. 93, 1700 (1994)). 

Multiple sclerosis is a progressive neurological 
autoimmune disease that affects an estimated 250,000 to 350,000 
people in the United States. Multiple sclerosis is thought to 
be a the result of a specific autoimmune reaction in which 
certain leukocytes attack and initiate the destruction of 
myelin, the insulating sheath covering nerve fibers. In an 
animal model for multiple sclerosis, murine monoclonal 
antibodies directed against alpha-4-beta-l integrin have been 
shown to block the adhesion of leukocytes to the endothelium, 
and thus prevent inflammation of the central nervous system and 
subsequent paralysis in the animals. 
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The huaanized MAb 21.6 antibodl m of the present invent! n 
offer several advantages over the mouse antibodies already 
shown to be effective in aninals models: 

1) The human immune system should not recognize the 
framework or constant region of the humanized antibody as 
foreign, and therefore the antibody response against such an 
injected antibody should be less than against a totally foreign 
mouse antibody or a partially foreign chimeric antibody. 

2) Because the effector portion of the humanized antibody 
is human, it may interact better with other parts of the human 
immune system. 

3) Injected mouse antibodies have been reported to have 
a half-life in the human circulation much shorter than the 
half«»life of normal human antibodies (Shaw et al., «7. Xmmunol* 
138:4534-4538 (1987)). Injected humanized antibodies have a 
half-life essentially equivalent to naturally occurring human 
antibodies, allowing smaller and less frequent doses. 

The pharmaceutical compositions discussed supra can be 
administered for prophylactic and/ or therapeutic treatments of 
multiple sclerosis or other inflammatory disorders, 
particularly those of the central nervous system. In 
therapeutic applications, compositions are administered to a 
patient suspected of, or already suffering from a disease such 
as multiple sclerosis, in an amount sufficient to cure, or at 
least partially arrest, the symptoms of the disease and its 
complications. An amount adec[uate to accomplish this is 
defined as a therapeutically- or pharmaceutically-ef fective 
dose. 

In prophylactic applications, pharmaceutical compositions 
are administered to a patient susceptible to, or otherwise at 

risk of, a particular disease in an amount sufficient to 
eliminate or reduce the risk or delay the outset of the 
disease. Such an amount is defined to be a prophylactically 
effective dose. In patients with multiple sclerosis in 
remission, risk may be assessed by NMR imaging or. In some 
cases, by presymptomatic indications observed by the patient. 

The pharmaceutical compositions will be administered by 
parenteral, topical, intravenous, oral, or subcutaneous. 
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intramuscular local adminlstrati n, auch aa by aaroaol r 
transdarmally, f r pr phylactic and/or tharapautie traataant. 
Although tha protainacaoua aubatancaa o£ thla invantion may 
aurviva paaaaga through tha gut following oral adalnlatration, 
aubcutanaoua, intravanoua, intranuacular, intraparitonaal 
adninlatratlon by dapot in j action; or by iaplant praparation. 
ara prafarrad. 

Tha pharmacautical compoaitiona can ba adainiatarad in a 
variaty of unit doaaga forma dapanding upon tha mathod of 
administration. For axampla, unit doaaga forms suitabla for 
oral administration includa powdar, tablata, pilla, capsulas, 
and lozengaa. 

Ef factiva doses of tha compoaitiona of tha prasant 
invantion, for tha treatment of tha above described conditions 
will vary depending upon many different factors, including 
means of administration, target site, physiological state of 
the patient, and other medicanta administered. Thus, treatment 
dosages will need to be titrated to optimize safety and 
efficacy. These compositions may be administered to mammals 
for veterinary use and for clinical use in humans in a manner 
similar to other therapeutic agents, l.e.^ in a physiologically 
acceptable carrier. In general, the administration dosage will 
range from about 0.0001 to 100 mg/kg, and more usually 0.01 to 
0.5 mg/kg of the host body weight. 

In a preferred treatment regime, the antibody is 
administered by intravenous infusion or subcutaneous injection 
at a dose from 1 to 5 mg antibody per kilo of bodyweight. The 
dose is repeated at interval from 2 to 8 weeks. Within this 
range, the preferred treatment regimen is 3 mg antibody per 
kilo of bodyweight repeated at a 4 week interval. 






yyTT. Ql^heir Uses 

The humanized antibodiea are also useful for affinity 
35 purification of the VIA-4 receptor. The antibodies are 

immobilized to a solid support and a solution of dispersed 
proteins is pask^ed over the support. VIA-4 binds to the support 
and ia thereby aeparated from other proteina. The purified 
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VLA-4 or a fragment tharaof , aada aval labia by thla »atnod, can 
ba uaad aa a vaccina r aa an imunogan f r producing furthar 
antibodiaa. 

Tha huaanisad antibodiaa of tha invantion ara alao uaaful 
for generating idiotypic antibodiaa by, for exaspla, 
immunization of an animal with a humanized antibody. An anti- 
idiotype antibody whoae binding to the htiaan antibody ia 
inhibited by VLA*4 or fragmenta thereof ia aeleeted. 
both the anti-idiotypic antibody and the VLA-4 or fragmenta 
thereof bind to the humanized immunoglobulin, the anti- 
idiotypic antibody may repreaent tha "internal image" of an 
apxtope and thus may aubatitute the ligand of the VIA-4 
receptor, i.e., VCAM-1. 
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EXAMPLES 

EvMnipli^ li Cloning ^nd Saaumncina of the MoUffO 21 Yftg i ablt 

The mouse anti-VIA antibody 21.6 has been described in co- 
pending application USSM 07/871,223. Total RNA warn isolated 
from hybridoma cells producing mouse 21.6 antibody. Firat- 
strand cDNA was synthesized using a Kit (Pharmacia Biosystems 
Limited) . Heavy and light chain variable regions were obtained 
by using PCR primers designed to hybridize to sequences 
flanking and external to the sequences coding for the variable 
regions, thereby allowing cloning of the entire coding 
sequences for the mouse 21.6 antibody variable regions. Sense 
PCR primers hybridizing to the 5 •-ends of mouse kappa light- 
chain leader sequences and of mouse heavy-chain leader 
sequences were designed based on databases of 42 mouse kappa 
light-chain leader aequences and of 55 mouse heavy-chain leader 
sequences (Jones & Bendig, Blo/rechnoiogy 9:88-89 (1991) 
(incorporated by reference in its entirety for all purposes)). 
These primers were used in conjunction with anti-sense PCR 
primers hybridizing to the 3 '-ends of the mouse constant 
regions (kappa or gamma) . 

Mouse 21.6 kappa V^ regions were PCR-amplif ied in a 50 m1 
reaction typically containing 10 mK Tris-HCl (pH 8.3), 50 mM 
KCI, 200 MM dNTPs, 1.5 mM MgCls, 1 unit of AapllTaq (Parkin 
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Elmer Cotus) DNA p lymerasa^ 1 Ml of cDNA tmiplat , 0.25 iM t 
MXV primar and 0.25 mM f nouaa kappa light chain anti-» naa 
PCR primer (Figure 1) • Mouse 21.6 regions were PCR- 
amplif iad as described above except that MHVH primer and an 
anti*sense PCR primer specific for the mouse IgGl heavy chain 
constant region were used (Figure 2). Each PCR reaction was 
cycled, after an initial melt at 94 •C for 5 min, at 94 for 1 
min, 55 •c for 1 min, and 72 •C for 2 min over 25 cycles. The 
completion of the last cycle was followed by a final extsnsim 
at 72*C for 10 min. The ramp time between the primer-annealing 
and extension steps was 2.5 min. Following PCR amplification, 
10 Ml aliquots from each reaction were analyzed on ethidium- 
bromide-stained 1.5% agarose gels. 

The PCR products were cloned using the "TA Cloning System* 
(Invitrogen Corporation). Vectors containing inserts of the 
correct size were sequenced using double-stranded plasmid DNA 
and Sequenase (United States Biochemical Corporation) . To 
avoid any errors that might have been introduced dtiring the PCR 
amplification steps, at least two independently PCR-amplif ied 
and cloned DNA fragments were sequenced for each variable 
region. 

The sequences of PCR products were compared with other 
mouse light chain and heavy chain variable regions (:.ee Tables 
1 and 2). This comparison indicated that the PCR products from 
MKV2 and MKV4 primers represent authentic mouse 21.6 Icappa 
variable regions, and those from MHVl and MHV2 primers 
represent authentic mouse V^ regions, and it was concluded that 
the sequences of these product are those of the mouse 21.6 
antibody variable regions. The DNA and amino acid sequences of 
the cDNA coding for the mouse 21.6 V^ and Vg regions are shown 
in Figures 1 and 2. 
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Table 1 



Comparison of the mouse 21.6 lis^ diain TSriabk rqtloB 
to other light chain Tariabk regiooa. 
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Mouse 21.6 V. vermi! 



Consensus sequence far 
mouse kappa V|. suI^RNv 



Consensus sequence for 
15 human kappa Vl subgioiq) 1' 

Consensus sequence for 
human kaqypa Vl subgn>iq> 2^ 



Consensus sequence for 
human kappa V^ subgroup 3^ 

Consensus sequence for 
human kappa V^ subgroup 4' 

Sequence of V^. firum human REI* 
(Member of human kqipa V^ subgnnq^ 1) 



gitnilarity* 

84.0 
84.0 

6S.1 
72.6 
72.6 
81.0 



72.6 
69.8 
52.8 
57.5 
58.5 
72.4 



30 'Percent similarity was determined using the "GAP" program of the University of 
Wisconsin Genetics Computer Group. 

Consensus sequences were taken from Kabat et al.» supra. 

35 'REI as sequenced by Palm et al., Hoppe-Seykr's Z. PkysioL Oienu 356:167-191 (1975). 
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Tabk2 

Comparison the mouse 21.6 heavy dudn Tsriabk regloa to 
other heavy chain Tariabie regloas. 



Consensus sequence for 
mouse Vh sul^foup 20* 

Consensus sequence fot 
human Vh subsroiv 1' 

Consensus sequence for 
human Vh subgroup 2' 

Consensus sequence for 
human Vh subgroup 3^ 



94.3 
78.0 
70.5 
67.5 



Sequence of V„ from human 21/28'CL' 76.5 
(Member of human Vm subgroup 1) 



91.1 
65.0 
53.3 
S2.8 
64.7 



^Percent similarity was determined using the "GAP* prpgiam of the Univcraty of 
Wisconsin Genetics Computer Group. 

'Consensus sequences were taken from Kabat et al.» supra. 

•21/28'CL as sequenced by Derstmonian et al., /• Immunol 139:2496-2501 (1987). 
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35 gvMPlft 2 s censtruei^ien ef Chimeric 21,6 AntlbOdY 

ChiMric light and heavy chains were constructed by 
linking the PCR-cloned cDNAs of mouse 21.6 V,^ and Vg regions to 
human constant regions. The 5»- and 3 '-ends o£ the mouse cDKA 
sequences were modified using specially designed PCR primers. 

40 The 5* -end PCR-prlmers (Table 3), which hybrldlae to the DHA 
sequences coding for the beginnings of the leader sequences, 
were designed to create the DNA sequences essential for 
efficient translation (Kozak, J. Mol. Biol. 196:947-950 
(1987)), and to create a Hlndlll restriction sites for cloning 

45 into an expression vector. The 3»-end primers (Table 3), which 
hybridize to the DNA sequences coding for the ends of J 
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regions, wer design d to cr at the DNA sequ noes essential 
for splicing to the constant regions, and to create a BaaHI 
site for cloning into an expression vector. The products of 
PGR amplification were digested with Hindlll and BanHI, cloned 
into a pUC19 vector, and sequenced to confirm that no errors 
had occurred d\iring PGR amplification. The adapted mouse 21.6 
variable regions were then subcloned into mammalian cells 
expression vectors containing either the human kappa or gasma«-l 
constant regions (Figure 3). 

Table3 



PGR primers for the construction ot chimeric 21.6 antibody. 

15 A. Light diain variable region 

1. Primer for reconstruction of the 5»-end (37mer) (SEQ. ID 
NO: 18) 

20 5» C AGA AAG CTT GCC OCC XCC ATG AGA COG TOT ATT GAG 3» 
HindZII KozaX M R P S I Q 

Consensus 
Sequence 



25 



30 



2. Primer for reconstruction of the 3 '-end (35mer) (SEQ. ID 
NO: 19} 

5» CC G AG GAT CCA CTC ACQ TTT GAT TTC GAG CTT GGT 3« 
BamHI Splice donor site 



B. Heavy chain yariable region 

35 1. Primer for reconstruction of the 5»-end (37mer) (SEQ. ID 
NO:20) 



40 



5» C AGA AAG CTT GCC OCC ACC ATG AAA TGC AGO TGG GTC 3» 
Hindlll Kozalc M K C S W V 

Consensus 
Sequence 



■ • 



2. Primer for reconstruction of the 3 •-end (33mer) (SEQ. ID 
45 NO:21) 

5» CC G AG GAT CCA CTC ACC TGA C%;A GAC GGT GAC T 3" 
BamHI Splice donor site 



Examnla 3 s Exnression and Analysis of 21.6 Chimeric AntibOdY 




^'2 
-3s 



5=5 
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Th« tv plasmid DMAs coding f r thm chiMrlo 21.6 light 
and heavy chains vera cotransfected into Cos cells. After two 
or three days, media from the Cos cells was analyzed by ELISA 
(1) for the production of a human IgG-like antibody and (2) for 
the ability of this hiiman-like antibody to bind to L cells 
expressing human aAfil integrin on their surface. Figures' 4 and 
12 show analyses of unpurified and protein^A purified saiqples 
of chimeric 21.6 antibody for binding to hiiman a4i3l integrin, 
in comparison with purified mouse 21.6 antibody control. These 
figures show that the chimeric 21.6 antibody bound well to 
antigen and confirm that the correct mouse 21.6 Vj^ and 
regions had been cloned. 



5?5 




Evamnle 4 2 Mod elling the Structure of the Mouse 21.6 Variable 
15 Regions 

A molecular model of the v^^ and Vg regions of mouse 21.6 
antibody was built. The model was built on a Silicon Graphics 
IRIS 4D workstation running under the UNIX operating system and 
using the molecular modelling package QUANTA (Polygen Corp., 

20 USA). The structure of the FRs of mouse 21.6 Vj^ region was 
based on the solved structure of human Bence*Jones 
immunoglobulin REI (Epp et al., Bioehmmistry 14:4943-4952 
(1975)). The structure of the FRs of mouse 21.6 region was 
based on the solved structxire of mouse antibody Gloop2. 

25 Identical residues in th^ FRs were retained; non- identical 

residpes were substituted using the facilities within QUANTA. 
CDRl and CDR2 of mouse 21.6 Vj^ region were identified as 
belonging to canonical structure groups 2 and 1, respectively 
(Chothia et al., supra). Since CDRl and CDR2 of REI belong to 



30 the 
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canonical groups, CDRl and CDR2 of mouse 21.6, 



region were modelled on the structures of CDRl and CDR2 of RSI. 
CDR3 of mouse ^1.6 V,^ region did not appear to correspond to 
any of the canonical structure groups for CDR3s of Vj^ regions. 
A database search revealed, however, that CDR3 in mouse 21.6 V^ 
region was similar to CDR3 in mouse HyHEL-5 Vj^ region (Sheriff 
et al., Proc. Natl. Acad. Sci. USA 84:8075-8079 (1987)). Thus, 
the CDR3 of mouse 21.6 Vj, region was modelled on the structure 
of CDR3 in mouse HyHEL-5 Vj. region. CDRl and CDR2 of mouse 
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21.6 regi n wers Idantlfi d as hml nging to canonical 
atructura groupa I and 2, raapactlvaly. CDRl of aouaa 21,# Vn ^ 
region vaa nodallad on CDRl of Gloop2 raglon vhich eloaaly <>'^ 
reaamblaa aambara of canonical group 1 for CORla of Vn ragiona. 
5 CDR2 of mouaa 21 .6 Vg ragion vaa aodallad on CDR2 of »ouaa 
HyHEL-C (Sharif f at al., aupra) , which ia alao a MShar of 
canonical group 2 for CDR2 for Vu ragiona. For CDS3a of 
ragiona, thara ara no canonical atructuraa« Hovavar, CDIIS in 
nousa 21.6 Vg ragion vaa ainilar to CDR3 in souaa R19.9 

10 region (Laacoaba at al., Proc. Natl. Acad. Scl. USA 86:607-611 
(1989)) and vaa aodallad on thia CDR3 by by raaoving an aictra 
aerine reaidua praaant at the apex of tha C0R3 loop of ■o oa a 
R19.9 region and annealing and refining the gap* The sodel 
vaa finally aubjected to ataapeat deacanta and conjugate 

15 gradients energy niniaization using the CHARKM potential 

(Brooks et al., J. Comp. Chem. 4:187-217 (1983)} aa iaplMented 
in QUANTA in order to relieve unfavorable atonic contacta and '^'^y 
to optimize van der Waala and electroatatic interactiona. ^ ^|«^ 

A viev of the atructural aodel of the aouae 21,6 variable ^ 



aubgroup 1 aa defined by Rabat et al., supra. Individual huaan 
kappa regiona vere identified that had as auch as 72.4% 



20 regions is presented in Figure 5. The aodel vaa used to aaaiat 

in refining the deaign of the huaanized 21.6 antibody variable ^^r^ 
regions. ^ ?^tv'r 



4 



Example 5; Design of Reshaped Human 21.6 Variable Regions 

25 ri) Selection of Homologoua Human Antibodies for 'Wp^ 

Framevork Sequence 

Human variable regiona vhoae FRa ahoved a high percent 
identity to thoae of aouae 21.6 vere identified by coapariaon 
of aaino acid aequencea. Tablea 4 and 5 coapare the aouae 21*6 
30 variable regions to all kno%m aouse variable regiona and then 

to all known human variable regions. The mouse 21.6 region %^ 
vas identified aa belonging to aouse kappa region aubgroup 5 
aa defined by Rabat et al., supra. Individual aouae kappa 
regions vere identified that had as much as 93.4% identity to 
35 the mouse 21,6 kappa region (38C13V»CL and PC613*CL). Mouse 
21.6 Vj^ region vas most similar to human kappa V^^ regions of 



35 

idantity t th^ b us« 21.6 kapp« region. Th^ fraMwork 
rations (FRs) froa on« of thm aoot siBllar huMii variable 
raglons, REX, vara uaad In tha daalgn of raahapad husan ai.# V^^ 
raglon. Mouaa 21,6 Vg raglon vaa Idantlfiad mm balonging to 
5 Aouaa Vg raglon aubgroup 2c aa daflnad by Kabat at al«, suprm* 
Individual nouaa haavy chain variabla ragiona wara idantlfiad 
that hava aa such aa 93.3 % idantity to tha souaa 21. • 
raglon (X7.2.2S«CL and §7.92.§^CL) . Mouaa 21.# Vg raglon vaa 
scat siallar to human ragiona of aubgroup 1 aa daf Inad by 
10 Kabat at al,, muprm. Individual huaan Vg ragiona vara 

idantlfiad that had aa auch aa 64.7% idantity to tha aouaa 21.6 
Vg raglon. Tha PRa from ona of tha aoat aiailar huaan variabla 
ragiona, 21/28 *CL, vaa uaad in tha daalgn of raahapad huaan 
21.6 Vg raglon. 

15 

(7\ Substitution of Amino Acida in FranavorX Raoiona 
ra> Light: Chain 

Tha naxt atap in tha daalgn proGmms tor tha rmmhapBd huaan 
21.6 raglon vaa to join the CDRa froa aouaa 21.6 V^^ raglon 

20 to tha FRa froa huaan R£I (Pala at al., supra). In tha firat 
veraion of raahapad huaan 21.6 v^^ raglon (la), aavan changaa 
vera aada in tha huaan FRa (Table 4, Figure 6>». 

At poaltlona 104, 105, and 107 in FR4, aalno acida froa 
REl vere aubatltuted vith more typical huaan J region aaino 

25 acids froa another human kappa light chain (Riechaann at al. , 
Nature 332:323-327 (1988)). 

At position 45 in FR2, tha lyalna normally present in R21 
vaa changed to an arginlne aa found at that poaitlon in aouaa 
21.6 Vj^ region. The amino acid realdue at thia poaitlon vaa 

30 thought to be Important in the supporting the CDR2 loop of the 
mouse 21.6 V^, region. 

At poaitlon 49 in FR2, the tyroalne normally present in 
REX vas changed to an hlatldlne aa found at that position in 
mouse 21.6 region. The histidine at thia poaitlon in mouse 

35 21.6 region vas observed in the model to be located in the 
middle of the binding site and could possibly ma)ce direct 
contact vith antigen during antibody-antigen binding. 
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At position 5i in rua, tho v«lin nonally prMont in Ml 
vaa ohan9«4 to an iaelaucino aa found at that position in soum 
21. « ragion. Tha aaino acid raaidua at this position was 
thought to ba important in tha aupporting ths COM loop of ths 
aousa 21.6 V,, ragion. 

At position «9 in FRS, ths thrsonins nor»«lly prsssnt in 
REX vaa changsd to an arginina as found at that poaition in 
Bouss 21. « Vt ragion. Ths arginina at this position in 
21.6 V. 



ragion was obsarvad in tha aodal to bs locatad adjacant 



10 to tha CDRl loop of souaa 21.6 ragion and could possibly 
■aka diract contact with ths antigan during antibody-antigsn 

binding. 

A sacond vara ion of rashapwl huaan 21.6 V,. ragion (t« 
Lb) was daaignad containing tha aaM aubstitutions as abovs 
15 axcept that no changa waa sada at poaition 49 in FR2 of 9XX 
(Figura 6) . 



20 



25 



30 



35 



Tha naxt atap in tha dasign procass for ths rashapwl huaan 
21.0 Vg ragion waa to join tha CDRs fros aouss 21.6 rsgion 
to tha FRs fro« 21/2»'CL (Dsrsiaonlan «t al., J. Jasujiol. 

139:2496-2501 (1987)). In tha firat version of reshaped huaan 
21.6 V. region (Ha), five changes were aade in the huaan 
frameworlc regions (Table 5, Figure 7) . The five changes in the 
hunan FRs were at positions 27, 28, 29, 30, and 71. 

At positions 27, 28, 29, and 30 in FRl, the aaino adds 
present in huaan 21/28 'd. were changsd to the aaino acids found 
at those positions in aouss 21.6 Vg region. Although these 
positions are designated as being within FRl (Rabat at al., 
supra) , positions 26 to 30 ars part of ths structural loop that 
foras the CDRl loop of the region. It is lUcely, therefore, 
that the aaino acids at thess positions ars directly involved 
in binding to antigen. Indeed, positions 27 to 30 ars part of 
the canonical structure for CDRl of the Vg region as defined by 
Chothia et al., supra. 

At position 71 in FR3, the arginine present in huaan 
21/28* CI, was changed to a alanine as found at that position in 
aouss 21.6 Vg region. Position 71 is part of the canonical 
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Structure for CDR2 of th region as dufin d by Chothia at 
al., Bupra. rro« tha modal of tha mousa 21.6 variable ragiona, 
it appaara that tha alanine at position 71 is iaportant in 
supporting tha CDR2 loop of the Vh region, h substitution of 
an arginlne for an alanine at this position would very probably 
disrupt the placing of the CDR2 loop. 

A second version (Hb) of reshaped huaan 21.6 region 
contalna the five changes described above for version Ha were 
made plua one additional change In FR2. 

Kt position 44 In nu, the arginlne present In huun 
21/28 *CL was changed to a glycine as found at that position In 
mouse 21.6 Vg region. Based on published Information on the 
packing Of Vj^-Vh regions and on the model of the mouse 21.6 
variable regions, it was thought that the amino acid residue at 
position 44 might be important in the packing of the Vx^-Vg 
regions (Chothia at al., supra) (Figure 5). 

Reshaped human 21.6 V. region version He was designed to 
make the CDR3 loop look more similar to human VCAM-l. Both 
mouse 21.6 antibody and human VCAM-1 bind to the a40X Integrln. 
The CDR3 loop of the Vg region of antibodies is the most 
diverse of the six CDR loops and is generally the most 
important single component of the antibody in antibody-antigen 
interactions (Chothia at al., supra; Hoogenboom & Winter, J. 
Mol. Biol. 227:381-388 (1992); Barbae at al., Proc. Katl. Acad. 
Sci. USA 8924457-4461 (1992)). Some sequence similarity was 
identified between the CDR3 of mouse 21.6 Vg region and amino 
acids 86 to 94 of hu^n VCAM-1, particularly, between the YGM 
(Tyrosine-Glycine-Asparagine) sequence in the CDR3 loop and the 
FGN (Phenylalanlne-Glycine-Asparagine) sequence in VCAM-1. 
These sequences are thought to be related to the R6D (Arginine- 
Glycine-Aspartic acid) sequences important in various cell 
adhesion events (Main et al.. Cell 71:671-678 (1992)). 
Therefore, at position 98 in CDR3, the tyrosine present in 
mouse 21.6 Vg region was changed to a phenylalanine as found in 
the sequence of human VCAM-1. 

Possible substitution at position 36 in FR2 was also 
considered. The mouse 21.6 VH chain contains an unusual 
cysteine residue at position 36 in FR2. This position in FR2 



5^ 



38 

la usually a tryptophan in ralated souaa and huaan aaquancaa 
(Table 5) . Although cysteina raaiduaa ara often important for 
conformation of an antibody, the model of the mouse 21.6 
variable regions did not indicate that this cysteine residue 
5 was involved either directly or indirectly with antigen binding 
so the tryptophan present in FR2 of human 21/28 'CL region 
was left unsubatituted in all three versions of humanized 21.6 
antibody. 

10 Fv^mnle 6: ConsHruct ion of Rgflhaped Human 21.6 AntibOdieS 

The first version of reshaped human 21.6 Vj^ region 
(resh21.6VLa) was constructed from overlapping PCR fragments 
essentially as described by Daugherty at al.. Nucleic Acidm 
Res. 19:2471-2476 (1991). (See Figure 8). The mouse 21.6 Vj^ 

15 region, adapted as described in Example 2 and inserted into 
pUC19, was used as a template. Pour pairs of primers, APCRl- 
vlal, vla2-vla3, vla4-vla5, and vla6-vla7 were synthesized 
(Table 6 and Figure 8) . Adjacent pairs overlapped by at least 
21 bases. The APCRl primer is complementary to the pUC19 

20 vector. The appropriate primer pairs (0.2 Maoles) were 

combined with 10 ng of template DRA, and 1 unit of AmpliTaq DMA 
polymerase (Perkin Elmer Cetus) in 50 Ml of PCR buffer 
containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 200 mM dKTPs, 
and 1.5 mM MgClj* Each reaction was carried out for 25 cycles. 

25 After an initial melt at 94* for 5 min, the reactions were 

Icycled at 94*C for 1 min, 55*C for 1 min, and 72»C for 2 min, 
and finally incubated at 72 •€ for a further 10 min. The ramp 
time between the primer-annealing and extension seeps was 2.5 
min. The products of the four reactions (A, B, C, and D) from 

30 the first round of PCR reactions were phenol-extracted and 
ethanol-precipitated • 






10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



39 
Tablet 

FCR primers for the conslmctloa of reshaped 
human 21.6 ▼ariable re^ns. 



A. Usht chatai ▼ariable regloa 

1. Primers for the synthesis of version "a" 

21.6VL«1 (39a»r) (8«0. 10 aOt22)f 

5« OAT GOT OAC tCT ATC TCC ThC MA TOC MA CM TOA OOA 3* 
21.6VLa2 (32Mr) <SSQ. ID llOt23>t 

S* CTO TM GM ATA CM TCA CCA TCA CTT OCA M 3* 
21*6VL«3 (39Mr> (SEQ. ID llOt24)x 

5« AGO ACC TTT TCC AGG TGT CTO TTG OTA CCA AGC CAT ATA 3' 
21*6VLa4 C4lMr) (SBQ. ID llOs25)i 

5' ATC AAC MACACCTOOAAAMCTCCTAOGCTOCTCATACAT3* 
21.6VLA5 (40Mr) (8EQ. ID IIO:26)s 

!• OCA GGC TGC TCA TG6 TCA AM TAT AAT CTC TCC CM ACC C 3* 
21.6VLA6 (42Mr) (SKQ. ID lfOt27)t 

5» ACT TTC ACC ATC ACC ACC CTG CM CCT GAA GAT ATT GCA ACT 3' 
21.6VI,a7 (59m«r) (SBQ. ID NOi28)t 

5' CCG AGG ATC CM TCA CCT TTG ATT TCC ACC TTG GTO CCT TCA COG AM 6TC 
CAC MA TT 3* 

2. Primers for the synthesis version "b" 

2X.6VU>1 (33Mr) (SBQ. ID NOs29)t changM H-49 to T-49 
5' GGA AAA OCT CCT AGG CTO CTC ATA TAT TM ACA 3* 

21.6VLb2 (38aMr (SBQ. ZD llOs30))s changes ACC- 101 to ACA-101 to 
destroy an^tyl^Btto ^ 

B. Heavy ciiain variable region 

1. Primers for the synthesis of verdon "a" 

21.6VBal fSlMr) (SBQ. ID IIOt31)s ^ 

5* AAC CCA GTO TAT ATA GOT GTC TTT AAT CTT GAA ACC OCT ACC TTT ACA CCT 

3- 

21.6VBa2 (67Bior) (SBQ. ID ROt32)s 

5- AAA CAC ACC TAT ATA CM TCG GTT ACA CM GCC CCT GCC CAA AOG CTC CM 

TOG ATC GGA AGG ATT G 3' 

21.6VHa3 (26iiMir) (SBQ. ID NO«33)s 

5' OAC CCG GCC CTG GAA CTT COG GT^? AT 3* 

21.6VHA4 (66inor) (SBQ. ID NO:34)s 

5' GAC CCG AA6 TTC CM GCC COG GTC ACC ATC ACC GCA GAC ACC TCT GCC MC 
ACC GCC TM ATG GAA 3* 

21.6VBaS (64Mr) (SBQ. ID NOs35)t 

5» CCA TM CAT AGA CCC OCT MT TAC CAT AAT ATC CCT CTC TOG CCC ACT ACT 
AGA CTG CM TOT C 3" 
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Tw Of prlaers were eyntheelaed (Table 6) . Bach PGR 

reaction wae essentia lly carried out under the same conditicne 
as described above. In a first PCR reaction, sutagMic priMr 
21.6VLb2 was used to destroy a Styl site (Thr-ACC-97 to Thr- 
5 ACA-97) to yield resh21.6VLa2. Then, in a second PCR reaction, 
mutagenic priner 21.6VLbl (His-49 to Tyr-49) was used with pUC- 
resh21.6VLa2 as template DNA. The PCR product was cut with 
Styl and BamHI and #ubcloned into pOC-resh21.6VLa2, cleaved 
with the same restriction enzyses. A clone with the correct 

10 sequence was designated pUC-resh21.6VLb. 

Version **a" of a reshaped huaan 21*6 Vg region was 
constructed using the same PCR methods as described for the 
construction of version "a" of reshaped human 21.6 V,^ region 
(Table 6 and Figure 9) . The Hindlll-BamHI DMA fragments coding 

15 for version "g" of reshaped human 425 Vg region (Kettleborough 
et al., supra) and version "b" of reshaped human AUK12-20 Vg 
region were subcloned into pUC19 vectors yielding pUC-resh425g 
and pUC-reshAUK12-20b, respectively. (Version "b* of AUK12-20, 
was derived by PCR mutagenesis of a fragment Vaa425 described 

20 by Kettleborough et al., sugars, and encodes the amino acid 
sequence (SEQ. ID NO: 41): 

QVOLVQSGAEVFJtPGASVKVSCKASCySFT SYYZH WVRQAPGQGLBWVG 
25 YXOPrHOCTSYMQICFKO KVTKTVOTSTIITA«IELSSLRSBDTAV»YC« GGH-WAt WCQCTLVTVSS 

(•pAces Mperste TR end CDR regions)). 

30 Plasmid pUC-resh425g and pUC-reshAUK12-20b, as well as the pUC 
vector containing the mouse 21.6 Vg region as modified for use 
in the construction of the chimeric 21.6 heavy chain (pOC- 
chim21.6VH), were used as template DNAs in the subsequent PCR 
reactions. PCR primers were designed and synthesized for the 

35 construction of version "a'* of reshaped human 21-6 Vg region 
(Table 6). PCR product A (Figure 9) was obtained using pUC- 
reshAUK12-20b as DMA template and APCRl-vhal as the PCR primer 
pair. PCR products B and D were obtained using pUC-chim21. 6VH 
as DNA template and vha2-vha3 and vha6-APCR4 as PCR primer 

40 pairs, respectively. Finally, PCR product C was obtained using 
pUC-resh425g as DNA template and vla4-vla5 as the PGR primer 
pair. The final PCR product was subcloned into pUC19 as an 
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Hindlll-B^nHZ fragment for DNA sequencing. A clone with the 
correct DNA sequence was designated pUC-resh21.6VHa. The DHA 
and amino acid sequences of the first version of the reshaped 

21.6 variable region are shown in Figure 10. 
5 The remaining versions of reshaped human 21.6 Vg region 

were constructed essentially as described above for the 
construction of version ••b" of reshaped human 21*6 region. 
Two sets of primers were synthesized (Table 6) • For the second 
(Hb) and third (He) versions, mutagenic primers 2X.6VIib (Arg-44 

10 to Gly-44) and 21.6VHC (Tyr-98 to Phe*98) , respectively, were 
used in PCR reactions with pUC-resh21.6VHa as the template DNA. 
The PCR products VHb and VHc were cut with restriction enzymes 
and subcloned into pUC vector pUC-resh21.6VHa as HscI-BamHI and 
Pstl-BamHI fragments, respectively, to yield pUC-resh21.6VHb 

15 and pUC-resh21.6VHc. 

The first version of a reshaped human 21.6 Vg region (Ha) 
was constructed in a similar manner to that used for the 
construction of the first version of reshaped human 21.6 Vj^ 
region (La) . In this case, however, PCR primers were used with 

20 three different template DNAs, mouse 21.6 Vg region as already 
adapted for expression of chimeric 21.6 heavy chain, humanized 
425 Vjj region version "g" (Kettleborough et al., supra), and 
hiimanized AUK12-20 version ••b" Vj, region (Table 6, Fiv*^e 9) • 
The DNA and amino acid sequences of the first version of the 

25 humanized 21.6 heavy chain variable region are shown in 

Figure 11. The second and third versions of a humanized 21.6 
Vg region (Hb and He) were constructed using PCR primers to 
make minor modifications in the first version of himanized 21.6 
Vg region (Ha) (Table 6) . 

Fifamnle 7; Expression and Analvsis of Humanized AntibOdiW 

1. Linlcacie of Var iable Regions to Constant Regions in 
Fvpression Vectors 

The DNA fragments coding for the chimeric and reshaped 
35 21.6 Vj^ and Vj, regions were subcloned into HCMV vectors 

designed to express either human kappa light chains or human 
gamma«l heavy chains in mammalian cells (see Figxire 3) and 
Maeda et al.. Hum. Antibod. Mybridomas 2:124-134 (1991). Both 
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V ct rs c ntain the human cytomegal virus (HCMV) promoter and 
enhancer for high level transcription of the immunoglobulin 
light and heavy chains. The light chain expression vector is 
exactly as described in Maeda et al., supra, and contains 
genomic DNA coding for the himan kappa constant region 
(Rabbitts et al., curr. Top. Microbiol. Immunol. 113:166-171 
(1984)). The heavy chain expression vector is essentially as 
described in Maeda et al., supra, with the exception that the 
genomic DNA coding for the human gamma-1 constant region was 
replaced with a cONA. cDNA coding for human gamma- 1 constant 
region was cloned from a human cell line that secreted a human 
gamma-1 antibody by PGR. For convenient subcloning into the 
expression vector, BamHI sites were created at each end of the 
cDNA. In addition, a splice acceptor site and a 65 bp intron 
sequence were created at the 5* -end of the cDNA sequence. The 
BamHI fragment (1176 bp) containing the human gamma-1 cDNA 
splice acceptor site and intrcn seqnience was substituted for 
the BamHI fragment (approximately 2.0 kb) in the existing heavy 
chain vector (Maeda et al*, supra). The BamHI site to the 3*- 
side of the hxaman gamma-1 constant region was then removed with 
Klenow polymerase. 

2, Transfection of Expression Vectors 
Expression vectors were introduced into Cos cells by 
electroporation using the Gene Pulsar apparatus (BioRad) • DNA 
(10 M9 of each vector) was added to a 0.8 ml aliquot of 1 x lo'' 
cells/ml in PBS. A pulse was delivered at 1,900 volts, 25 mF 
capacitance. After a 10 min recovery period at ambient 
temperatiire, the electr operated cells were added to 8 ml of 
DMEM (GIBCO) containing 5% heat- inactivated gamma globulin-free 
fetal calf serum. After 72 h incubation, the medium was 
collected, centrifuged to remove cellular debris, and stored 
under sterile conditions at 4*C for short periods of time, or 
at -20 *C for longer periods. 









2, «K.«.ifieation of HuaaniT.«d hnttbodiil 

Supernatant* fro» Cos call tranaf action* war* poolad and 
puriflad on lamoblliaad Protain A (ZnunoPur^ IgC Purification 
Kit, Piarca). Tha supernatant was starilisad toy filtration 
through a 0.22 urn filter. After .ixing with an equal voluse of 
ImnunoPure IqG binding buffer (pH 9.0), the diluted saapls was 
applied to a 1 al protain A column and allowed to flow 
conpletely into the gel. After washing with 15 al of 
InmunoPure IgG binding buffer, the bound antibody was eluted 
with 5 ul of laaunoPure igC elution buffer (j^ !••), "nd I ml 
fractions were collected. The pH of the first and second 
fractions was approximately 8.'>. The pH of the third fraction 
was adjusted to physiological pH by the addition of 100 i»l of 
ImmunoPure binding buffer. The five 1 al fraction* containing 
the Protein A-purified antibody were then assayed by BLISA to 
determine the amount of human igG antibody present in each 
fraction. Antibody was detected using goat alXaline phospaate- 
conjugated anti-human IgG (whole molecule, Sigma). 

A. Mftasureme n» of Binding Affinity 

The binding of reshaped human 21.6 antibodies to o4/Jl 
integrin was assayed by ELISA in comparison with mouse and 
chimeric antibodies. Briefly, L cell* tran*fora«I to expre** 
a4pl integrin on their cell surface were plated out and grown 
to confluence in 96-well tissue culture plates. The samples to 
be tested (either crude supernatant* or protein-A-purif ied) 
were serially diluted and added to each well. After incubation 
for 1 h on ice and very gentle washing, goat anti-aouse or 
anti-human (gaaaa-chain specific) peroxidaa* conjugates (Sigaa) 
were added. After a further 1 h incubation on ice and very 
gentle washing, the substrate (c-phenylenediamine 
dihydrochloride, Sigma) was added. After incubation for 30 min 
at room temperature, the reaction was stopped by adding 1 M 
H2SO4, and the A490 was measured. 

Results from analyzing crude supernatants of the two 
versions of reshaped human 21.6 light chains (La and Lb), in 
combination with version Ha of reshaped human 21.6 beavy chain, 
indicated that the La version of reshaped human 2X.6 Vj, region 
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gav slightly bsttar binding to antigsn than varaion Lb. Tha 
La varaion was tharafora uaad in subaaquant axpariMnts. 
Raaulta fro« analysis of tna cruda auparnatanta of htaaani zad 
21.6 haavy ch- ina (Ha and Hb) , in combination with varaion La 
of huaanizad 21.6 light chain, ahovad no aignificant diffsranc^ 
batvaan tha two vara ions (Ha and Hb) of rsahapad huaan v. 
rsgiona. Varaion Ha vaa aalactad for uaa in furthar 
axpariaanta bacauaa it containad only f iva changaa in ths huaan 
FRa comparad with aix changaa in tha human Hb. 

Pigura 12 comparaa binding of huaanisad 21.6 antibody (La 
^ Ha) with chimaric 21.6 antibody. Ths data indicata that thm 
raahapad human 21.6 antibody (La ♦ Ha) bound to antigan as wall 
aa, and parhapa alightly battar than, tha chimaric 21.6 
antibody. Tha chimaric 21.6 antibody ia axpactad to ba 
equivalent to mouaa 21.6 antibody in ita antigan binding 
character istica because it contains the intact mouaa 21.6 
variable regions. The reshaped human 21.6 antibody (La ♦ Ha) 
has also been shown to block bixuling to human a4^1 integrin 
with an efficiency comparable to the original mouse 21.6 
antibody and to the chimeric antibody. It is therefore 
concluded that res^haped human 21.6 antibody (La ♦ Ha) has a 
specific binding affinity essentially equal to that of mouse 
21.6 antibody. Moreover, because only minor modifications in 
the human FRs were necessary to recreate the antigen binding 
site of mouse 21.6 antibody within human variable regions, the 
reshaped human 21.6 antibody is predicted to behave like an 
authentic hiiman antibody. 

Reshaped human 21.6 antibody containing version La ot the 
reshaped human 21.6 VL region and version He of the reshaped 
human 21.6 VH region was also tested for binding to L cells 
expressing humam aA01 integrin on th^ir surface in parallel 
with chiller ic 21.6 antibody. The results indicate that 
reshaped human 21.6 antibody (La + He) binds well to antigen. 
The alteration in the CDR3 of the Vj, region did not impair 
binding to antigen. Indeed, there is some indication that the 
alteration in the CDR3 may have slightly improved binding to 
antigen (Figure 12) . Conceivably, tha improvement may ba more 
pronounced in a fiinctional blocking assay. 



ir\ InduetLlon at KAg 

Thm brain and spinal cord vara raaovad from aach of t^^m 
guinaa pi«a authanisad by CO, narcoaia. Tha tiaaua vaa kapt In 
PBS on vat ica until it vaa vaighad and hoaoganlsad at a 
concantration of 1 gr^a of tiaaua par al PBS. Tha tiaaua vaa 
coaplataly hoaoganiaad uaing an alactrio hand-bald hcsoganixar 
and aubaaquantly aixad vith an aqual voluaa of Fraund'a 
coaiplata adjuvant (PCA) . PCA vaa aada by adding 100 ag of 
mycohmetmrium tubmrculomim H37 RA (DaTCO, 3114«33-a) to 10 al 
of rraund*a incoaplata adjuvant (Sigaa, F-5506) . Tha aixtura 
vaa aaulaif iad into tha conaiatancy of aayonnaiaa by paaaing 
tha aolutlon batvaan tvo ayringaa connactad by a tvo vay 
atopcodc. Each guinaa pig vaa inunisad vith 600 m1 aaulaion 
dividad batvaan thraa aitaa of adainiatration. 

(2) Scoring animals for diseaga ayttptotta 

Tha dlaaaaa aynptoaa vara asaaaaad by proiqpting aach 

aniaal to valk and aaaigning tha aniaal a acora by tha 

folloving conaonly acceptad critaria: 

0 No disaasa 

1 Hind liab veaXnesa 

2 Conpleta hind limb paralysis 

3 Conpleta hind limb and aoaa foralimb paralyaia 

4 Moribund or dead 

f?) Sgrm ana tiggwg gpllcgtigg 

Sanplea vara collacted by cardiac puncture froa 
methoxyf lurane-anesthetized guinea pigs. About 300-^400 m1 of 
blood vere collected and placed in aicrotainer aerua separator 
and alloved to clot for betveen 20*30 ain at rooa temperature. 
The tube was then spun for 5 min at room temperature. The 
serum vaa dravn off into Eppendorf tubes and stored at ^20*0 
for subsequent analysis of antibody titers by fluorescence 
activated cell sorting (FACS) • 

For hematological analysis, blood vas collected into 
ethylenediaminetetraacetic acid-coated microtainer tubes. A 
100 |il aliquot vas aspirated into an acridine^coatCKl hematocrit 
ttibe. The tube vas capped and the blood vas mixed vith 
acridine range by gently inv rting the tuba 15 tim a. A float 
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was put mt thm h««tocrlt tub. and th sam*!* w«» c«ntrlfu9«« 
for 5 «lnut««. Th« h««atocrlt tub* w«« placod into a 
pracallbratad Idaxx QBC Vat Autoraadar daaignad for 
quantlt'tlva buffay coat analyaia. Valuo- war. raad undor tha 
horsa calibration ayata. and adjuatad to guinaa pi9 aquivalant. 
using a pradatar»lnad convarsion factor. 

At th* and of tha ajcpariaant, tha gulnaa pig* wara Killad 
by COj narcosis and th. brains and apinal cords ra«»vad. Half 
of tha brain and spinal cord fros avary guinaa pig was snap 
frozan in 2-«athyl butana on dry ica (-20 to -40-C) . This 
tissua was cut and issunostainsd with a pan Mcrophaga aarkar 
(sarotac MCA-518) and a T-ly»phocyta aarksr (Sarotac llCA-751) 
using tha avidin-biotin linking paroxidasa assay (Vactor 
Laboratorias. Inc., Burlinga«a, CA) and dia«inob.n«idina as a 
chromagen. Tha tissua was scorad for cellular infiltration 
according to the following scoring system: 

0 No infiltrating calls. 

0.5 very little staining; may be artif actual; usually 
associated with vessels. 

1 staining of a few cells (less than 15) usually near a 

vessel. 

2 Staining of many cells (20-50), usually radiating out 
froa a vessel. 

3 staining of «any cells (> 50) scattered throughout 
the tissue; many cuffed vessels. 

ffr) PT-onhv1iH7«-4e Treataent 

This experiment was designed to evaluate the efficacy of 
humanized 21.6 antibody in delaying the onset of clinical 
symptoms. Previous data have demonstrated that leukocyte 

influx into the brain and spinal cord of EAE guinea pigs 
typically starts between day 7 and day 8. Therefore, 
antibodies were administered on day 7 and on day 10 post- 
immunization. To compare mouse and humanized 21.6 antibody, 
equivalent doses of each of the antibodies (3.0, 0.30 and 
0.03 mg/kg) were administered. Preliminary pharmacokinetic 
studies revealed that saturating blood levels of mouse 21.6 
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antibody w«r« attained within 34 hour* aftor •ubcutan^ou* 
ad«inl«tr«tlon, and raaainad olovatod up to 4t hour*. 

On day 11, 24 houra aftar th* aacond doa* of antibody, 
blood aaaplaa wara drawn froa thraa randoaly aalaetad aniaala 
in aach group. For aach traataant group a aaan for th* nuab«r 
of daya for aach guinaa pig to raach a clinical acora of 1 wa* 
calculatad (Tabia 7) . Tha aaan valua for tha PBS-traatad group 
in thia axpariMnt vaa 11 daya poat-iaaunisation (which i* 
typical of pravioua raaulta) . Traataant with tha highaat doaa 
of huwiniaad and aouaa antibody raaultad in a aignif leant d*l*y 
of diaaaa* by 4.6 (p-0.000) and 3 (p-0.007) daya, raapactivaly. 
Th* lowar do*** of antibody had no affaet on tha couraa of 
diaaaaa. 



Vatol* 7 

Bff*et of aott** or huaaaisad ai.* antibody on 
tiaa poat ia*uni«*tion to r*aeh a «linie*l aeor* of X. 



GROUP 


1 


2 


3 


4 


5 


6 


7 




0.03 M* 


3.0 


3.0 H 


3.0 M 


0.03 
H 


PBS 


0.3 II 




8 
9 
9 
9 

11 
12 
12 


9 

10 
10 
11 
11 
11 
12 
13 


13 
15 
15 
16 
16 
16 
17 
17 


10 
12 
14 
14 

14 
15 
15 
18 


8 

10 
10 

11 
12 
12 
12 
12 


■9 
9 

11 
11 
11 
12 
12 
13 


9 
9 
11 
12 
12 
13 
13 


1 Mean 
1 ± 
1 SD 


10.0 ± 
1.6 


10. 9± 
1.2 


**15.6 

± 
1.3 


*14.0 

± 
2.3 


10. 9± 
1.5 


11.0 

± 
1.4 


11.6 ± 
1.4 



• H denote* humanized antibody; ' M denote* nous*. 
•"p-0.000 «und •p-0.007, a* conparod to PBS. 

Daily body weight* of th* guin*a pig r*f l*cted a einilar 
effect of the high doses of humanized and nous* antibody. 
(Figure 14). Animals in these treatment groups steadily 
gained weight. Guinea pig* in all other treatment groups lost 
waight atarting fron Juat before tha day of onaat of di**a**. 
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8»ua titers of antibody voro Masurod in thrM randomly 
aalaotad aniaala fro« aach group by cardlae punctura on 
day 11^ roughly 24 hr aftar tha aacond traataant. Efficacy of 
tha antibodiaa to dalay diaaaaa corralatad tightly vith aarua 
lavala. About 20 Mg/»1 aarua antibody vaa praaant in tha 
circulation of all aniaala injactad vith tha highaat doaa of 
both huaanisad and aouaa antibodiaa. Thia concantration ia of 
tha aaaa ordar of aagnituda aa tha concantration of 31 •# 
antibody raquirad to aaturata aitaa in vitro. In 

contraat, aniaala froa all othar groupa had littla to no 
datactabla aarua antibody. 




rc> Ravaraal of On-aQina X>^iimM% 

About 60 guinaa piga vara iaaunlzad and allovad to 

15 davalop clinical ayaptoaa of EAE. On day 13, all guinaa piga 
that attainad a clinical acora of 1 vara randualy aaaignad to 
a treataant group. Figura 15 ahova that aniaala traatad vith 
3 ag/kg huaanizad antibody bagan to racovar hind liab function 
vithin 48 hr of traataant. On Daya 17 and 18, ona and tvo 

20 daya aftar tha aacond doaa, all aight aniaala vara diaaaaa 
fraa. ANOVA of tha araa undar tha curva valuaa for aach 
treataant group ravealed that only «:ha 3 ag/kg huaanizad 
antibody traatad group valua vaa atatiatically lovar than tha 
PBS control group (p-0.042), Thaaa aniaala prograaaivaly 

25 gainad vaight vithin 24 hra aftar tha f i: at adainistration 
until tha axpariaent vaa tarainataci on Day 19 (Figura 16} . 

Antibody aarua titc^ra vara aaasurad by FACS analyaia on 
aaaplaa takan 24 hra aftar tha firat injaction (Day 14) and at 
aacrifica (Day 19). Treataant vith aouaa 21.6 antibody 

30 raaultad in alightly lovar aarua antibody titara than 

treataant vith huaanized 21.^ antibody (9*1 va. 12.6 Mg/al). 
Thia difference becaaa acre profound on Day 19, three daya 
after the aecond adainistration, vhen there vaa very little 
detectable aerxia aouse antibody, vhile the levela of hoaanized 

35 antibody on Day 19 had dropped belov aaturating but vere still 
aeasurable (6.1 Mg/al)* These data deaonatrate a correlation 
betveen plaaaa levela of antibody and phyaiologic efficacy and 
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suggest that thm •ff«cti«*« circulating antibody l«v 1 la In 
tha r^nga of 10-20 m9/«1 in tha gulnaa pig. 

Laukocyta infiltration onto brain and apinal cord vaa 
avaluatad in tii^aua froa aniaala killad on Day 19* Tabla • 
ahowa aignificant diffarancaa in tha dagraa of infiltration aa 
a function of antibody traataant. Tha raduction in T call 
infiltration into brain and apinal cord and aaerophaga 
infiltration into apinal cord waa aignificant aftar traataant 
with 3 mg/kg* Lovar doaaa tandad to raduca infiltration, but 
did not raach aignif icanca. Thara waa no aignificant 
diffaranca in callular infiltrata of Mcrophagaa into tha 
apinal cord at any doaa. Sinca tha iuninohiatochaaical 
techniqua usad to avaluata aacrophagaa doaa not diatinguiah 
raaidant froa invading calla, tha lack of affact on 
nacrophagaa likaly rapraaanta tha auatainad praaanca of 
raaidant macrophagaa and microglia. 

Tha raduction in T-calla and aonocytaa in brain tiasua by 
adminiatration of tha antibody after aatabliahmant of tha 
diseasa auggests that cell trafficking ia not a cumulative 
procesa, but a dynamic movement of eel la into and out of CHS 
tiaaue. Importantly, tha data auggeat that interruption of 
the entry of leukocytea into parenchyMl tiaaue allowa the CMS 
to rid itself of the invading pathological element. 

Tabla a 



aignif leant differeaeea ia T-eell and macrophage 
iafiltratioa into braia aad apiaal eord oa Day 129. 

BRAIN SPINAL CORD 



1 GROUP 
i PBS 


T-CELLS 


MACROFIiAGES 


T-w'axs 


MACROFIIAGES 


3 mg/kg 9 H 
3 mg/kg # M 

img/kg H 
0.3 mg/kg H 


p>0.001 
p»0*001 

NS 

NS 


D«0*005 
paO.005 

NS 

NS 


p-0.007 
p=0.008 

NS 

NS 


NS 
NS 
NS 
NS 



NS = not significant. 
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HMat logy data ravaalad that traatSMnt with aouaa or 
huaanisad 21.6 antibody cauaad no diffaranco in wtiolo whita 
blood call counta, acnonuclaar and 9ranuloeyta nuabar or in 
rad blood call count. Tha high doaa of aouaa or huaanisad 
5 antibody raaultad in a aignificant incraaaa in platalae counta 
aa coaparad to PBS traatad aniaala (Tabla 9) • In noraal 
guinaa pig platalat counta ara 755 ± 103 calla/al, about 
doubla that of PBS-traatad EA^ aniaala. Thua, traataant with 
doaaa of aouaa and huaanizad antibody that af factivaly 
10 ravaraad diaaaaa, alao raatorad platalat count to noraal* 

Tabla 9 

Bf f aot of antibody traataaat oa platalat oovat la EMM aaiaala* 

15 



TREATMENT 


PLATELETS X 10'^ CELLS/ML 


-i-^i-Hon EAE guinea pigs 


755 ± 1??3 (9) 


PBS 


373. ; ± 167.5 (7) 


3 ag/kg • H 


622.2 ± 97.0 (6) 


3 ag/kg ' M 


587.5 ± 57.8 (6) 


1 ag/kg H 


578.3 ± 123.2 (6) 


0.3 ag/kg H 


492.5 ± 168.6 (6) 



Platalat counta in non-EAE guinaa pigs vara datarainad in a 
25 separata axperiaant. 

•p=0.05 vs PBS. 

30 In conclusion, both huaanizad and aouse 21.6 antibodies 

are effective in delaying and reversing clinical syaptoas in 
an aniaal aodel siaulating aultiple sclerosis in huaans. The 
humanized antibody is moi'e effective than the saae dosage of 
aouse antibody in reversing syaptoas. 

35 Although the foregoing Invention has been described in 

detail for purnoses of clarity of understanding, it will be 
obvious that certain modifications may be practiced vithin the 
scope of the appended claims. All publicatior4i» and patent 
documents cited above are hereby incorporated by reference in 
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thair mtiraty for all purposM t thm ft am xt«nt mm it mmtih 
v«r« so individually dmotad. 



from mouse 21.6 antibody; (mouse kappt 5) oonseosus sequence of mouse kappt 
retkms from subgroup S (Kabst el al.» supra); (human kappa 1) consensus sequcnoe cf 
human Vt. regions from subgroup 1 (Kabat et al., supra); (human REI) amino acid 
sequence of a human Vg, region (Palm el al. (19^, supra); (RH V|. 21.6) amino add 
sequence of venion LI of leshaped auman 21 6 Vl region; (*) residues that are pan of 
the canonical stnictures for the CDR loops ((Tboihia et al.» supra); (underlined) resdues 
in the human FRs Mieie the amino acid residue was changed* 
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in the molecuUr moddling; (mouse 21.6) amino ncid sequence of the Vh region 
from miMise 21.6 tntibody; (mou«e 2c) consensus sequence of mouse Vh regions from 
subgroup 2c (Kabat e( a) , Sidpra); (human 1) consensus sequence of human Vh r^ions 
from su')group 1 (Kabat et al.» supra)\ (human 21/28XL) amino acid sequence of a 
human V„ region (Dcnimonian ct al. (1987), supra); (RH V„ 21.6) amino acid seqimce 
of versicm HI of reshaped human 21.6 V^ region; (*) residues that are part of the 
canonical structures for the CDR loops (Chothia ec al.» supra); (underlined) residues in 
the human FRs where the amino acid residue was changed. 
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CD| TOPOLOOYt linaar 

111) MOLSCOLB TTPSt COMA 

|ia) FBATVBBt 

|A) MANB/RXyt COS 

IB) LOCATXOMt I53..43C 

I Mi) SEQUBMCB DBSCBZPTZOMl SBQ ZO MOtli 

ATGACCOCCC CTCCTCAOAT TTTTOGATTC TTOOTCAOOA OAOOTTOTAO AA ATQ 

Nat 
1 

AGA COG TOT ATT CAC TTC CTC CGC CTC TTC TTC TTC TCC CTT CAT OCT 
Arg Pro 8ar IXm Gin Pha Lau Giy Lau Lau Lau Pha Trp Lau Hia Giy 
5 iO 15 

GCT CAO TOT OAC ATC CAO ATQ CAO TCT CCA TCC TCA CTO TCT OCA 

Ala om Cya Aap Xla Gin Nat Thr Gin Bar Pro Bar Bar Lau Sar Ala 

20 25 30 
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TCO 
Trp 
IIS 


ACO 

Thr 


TTC 
Ph« 


OCT 
Gly 


GGA 
Gly 


GGC 
Gly 
120 


ACC 
Thr 


AAO 
Ly« 


CTG 
Lmu 


GAA 

Glu 


ATC 
ZlG 

125 


AAA OGGGCTGATO 
Lym 


440 



25 



30 



35 



60 



65 



CTCCACCAAC TCTATCCATC TTCCCACCAT CCaCCCGGGA TCC 
12) ZHPOIINATZOII FOK SSQ ZD MOt2i 

CD 8XQUZNCB CHAMkCTERISTXCSs 

(A) ZJtNCTHi 136 AAlno meidm 

(B) TYPBt Mlno acid 
|0) TOPOLOGY! linoar 

<ii) MOLBCULI TyPSt protGiA 

<«i) MEQUtmCE DSSCAZPTlONi 8BQ ZD JIOt2s 

lau Gly Lou Lou 1 

10 

Mot Thr Gin tor 1 

2S 

Thr Zlo Thr Cyo ] 
40 

Tyr Gin His Lys 1 

60 

Sor AlG Lou Gin I 

7S 

Gly Arg Asp Tyr i 
90 

Ala Thr Tyr Tyr ( 
lOS 

Gly Thr Lya Lou i 

lis 130 

{2) INrORMATXOM FOR 8KQ ZO HoOt 

(1) SBQUESfCB CHAPACTBAXSTlCSi 

!A> LSNOTHi 470 h««a pairs 
(H) TYPIt nucXaie acid 
(C| 8TAAND8DM8S8I douhlo 
(D) TOPOLOGY t linoar 



483 



40 


Mat Arg 

1 

Gly Ala 


Pro 

om 


Sor 

cys 

30 


Zlo 

s 

Asp 


om 

Zlo 


Pho 

Gin 


45 


Ala 


Gor 


LOU 

3S 


Cly 


Gly 


^ym 


Val 




Zlo 


Asn 

SO 


Lys 


Tyr 


Not 


Ala 


Trp 
SS 


50 


Arg 
6S 


Lou 


Lou 


Zlo 


His 


Tyr 

70 


Thr 




Arg 


rho 


8or 


Gly 


8or 
8S 

Glu 


Gly 


Sor 


55 


Asn 


Lou 


Glu 


Pro 

100 


Asp 


Zlo 




Asn 


Lou 


Trp 


Thr 


Pho 


Gly 


Gly 



Pho Trp Lou His 

IS 

8or Gor Lou Sor 

30 

Thr Gor Gin Asp 
4$ 

Gly Lys Arg Pro 



Gly Zlo l^ro Sor 
80 

Pho Asn Zlo Sor 

9S 

X<ou Gin Tyr Asp 
110 



Zlo Lys 

13S 




1 i try ii.<^^ 



r. 



mi. J I . 





<ii) MOUCUU TYPXs COM 



I 



4i 



7* 



IS 



1^ ' 



(ix) FSATUHXt 

(A) NAKS/KXYt CDS 
(B> LOCATXOMt X.*420 

(xi) SCQUKHCS OXSCRXFTXONi 8CQ ZD NOtJi 





ATO 


AAA 


TCC 


ACC 


TGG 


GTC 


ATO 


TTC 


TTC 


CTO 






Lys Cya 


s#r 


Trp 


VAX 




rnv 


BKa 

Wnm 


^AU 




1 








S 










XO 




CTC 


AAT 


TCA 


GAG 


GTT 


CAG 


CTG 


CAG 


CAG 


TCT 




VAX 


A«n 


s«r 


Glu 




O&fl 


V 

WSU 






Mr 


























CCA 


ceo 


GCC 


TCA 


GTC 


mmKm 












Pre Giy AIa 


••r 




Lys 


* — 
Lvu 


mmZ 


cym 


Tnr 








3S 








40 






20 
























AAA 


CAC 


ACC 


TAT 


ATA 


CAC 


TOT 


GTG 


AAG 


CAO 




Lys Asp Thr 


Tyr 


XlG 


His 


Cys 


vsl 


Lys 


Gin 






SO 










5S 








25 


CAG 


TGG 


ATT 


OCA 


AGG 


ATT 


GAT 


CCT 


GCG 


AAT 




Glu Trp 


lis 


Gly 


Ar9 


XlS 


Asp 


Pro 


Als 


Asn 




«S 










70 












ceo 


AAC 


TTC 


CAC 


GCC 


AAC 


ccc 


ACT 


ATA 


AC^ 


30 


Pro 


Ly« 


pn« 


Gin 


CXy 


Lys 




Thr 


Xl« 


Thr 










•S 








90 






GCC 


TAC 


CTO 


CAO 


CTC 


AGC 


AGC 


CTG 


ACA 




Thr 


AX« 


tyr 




Gin 




8«r 


S«r 




Thr 


35 






100 










ICS 






TAT 


TTC 


TCT 


OCT 




GAG 


GGA 


TAT 


TAT 


OCT 




Tyr 


Ph« 


Cys 


Ala 


A?5 


Glu 


cly 


Tyr 


Tyr 


Gly 






11% 










120 






40 
























ATQ 


CAC 


TAC 


TGG 


GOT 


CAA 


GGA 


ACC 


TCA 


GTC 






Asp Tyr 


Trp 


Gly 


cm 


Gly 


Thr 


s«r 


V«l 



GTT ACA GCG 
VAl Thr Gly 
IS 

CTT GTG AAO 
LM vsl Lys 

30 

TTC AAC ATT 
Phs Asa ZXs 



4S 



SO 



7S 



12% 



CAG GGC CTO 
Gin Gly L«U 



AAA TAT GAC 
Ly« Tyr Asp 
SO 

TCC TCC AAC 
Ssr S#r Asn 

ss 

ACT GCC GTC 
Thr Als ^sl 

llO 

GTC TAT OCT 
vsl Tyr Als 



4S 



50 



60 
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130 13S 140 

A^^CCACACe CCCATCTGTC TATCCACTCC CCCGGCATCC 

(21 XMrOAMATXOM POII SCQ 10 IIOiSl 

a I StQUtHCI CUAMCTtSXSTXCSl 

(A| LBMQTHi 140 saino scids 
(8) TYPSi saino seid 
(01 TOPOLOGTi linssr 

(ill mnxCVLM TYPtc protsln 

(si I SSQUCIfCS OMCllXPTXONt SJCQ XO ilOi4i 

Use tys Cys Ssr Trp Vsl list Phs Ph« Lm Nst Als Vsl 

IS 10 

Vsl Asn Ssr Glu Vsl Gin Lsu Gin Gin Ssr Cly Als Glu 

20 2% 

Pro Cly Als Ssr Vsl Lys Lsu Ssr Cys Thr Als S«r Cly 
3S 40 4$ 



4S 



96 



144 



192 



240 



2SS 



336 



3S4 



430 



470 



Vsl Thr Gly 
1§ 

Lsu Vsl Lys 

30 

Phs Asn lis 



Lys Asp Thr Tyr lis Mis Cys vsl Lys Gin Ar9 Pro Glu Gin Gly Lm 
SO SS 60 



,. \-,;.V 
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0I« rrp Itm Oly Arg Xlm Amp Pro him hmn Cly Tyr Thr l.y# tyr Am 
4§ 7S 90 



70 



10 



19 



30 



25 



rro Ly« »IM OlB Oly Ly« Al« Thr Sl^ Thr him hmp Thr Mr Mr 
•f to M 

Thr him Tyr Lm ein Lm Mr Mr Mu Thr Mr Olu hmp Thr Ma Val 
100 10% 110 

Tyr fh« Cy» him hrq Olu Oiy Tyr Tyr Oly Ma Tyr Oly Val Tyr aia 
lis 120 12S 

aap Tyr Trp Oly Ola Oly Thr Mr Val Thr val 
ll5 12S 140 

(21 xwoaiuTSoii yea aoQ id wom%* 
ai uQoncs cMMMTsazaricat 

|A| UHOTMf loa aslfie aclM 
CO) TTnt aalao acid 
IC) aTaA»DS0«saaf aiagla 
(D) TOKHjOOTi liaaar 
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(il) 






I TTl 


mt procaia 












(all 


a»QC 




I DsacaxPTtoat acQ X2 voiti 








MP 

1 


tla 


Ola 


Mt 


Thr Ola 
ft 


Mr 


rro 


Mr Mr Law 

10 


aar 


Al» Mr 


Lau Oly 

Ift 


Oly 


ty* 


val 


Thr 
20 


Xla Thr 


cya 


Ly« 


Thr Mr Ola 
2ft 


Aap 


Xla Mn Lya Tyr 
JO 


mmt 


aia 


Trp 


Tyr 


Ola aia 


tya 


Pro 
40 


Oly Lya Ar9 


Pro 


Arg Lau 
4ft 


Laii Xla 


mm 


Tyr 

%0 


Thr 


Mr 


Ala La«i 


Ola 
ftft 


Pro 


Oly tla »ro 


Mr 
60 


Arg Pfm 


aar Oly 


Mr 


Oly 


Mr 


Oly 


Ar9 Mp 

70 


Tyr 


Mr 


Pha hmn llm 
7ft 


Mr 


hmm Law 


Olu l^ro 
60 


Olu 


MP 


lla 


him 


Thr Tyr 
aft 


Tyr 


cya 


Laa Ola Tyr 
ftO 


MP 


Ma Lau 


Trp Thr 


rha 


Oly 


Oly 


Oly 
100 


Thr Lya 


Mu 


Olift 


Xla Lya 

lOft 









(21 X 



itiom worn aao xo w>i6i 



III aaouaacs cMAaACTBaxtTtcat 

(A| LMQTIIi 107 ooiao aelM 
(ai TYP6I aalao acid 

iOp Yt^POUWVfe line*? 

iii} MOLBCULB TTMi pro^Oia 

ftEQuract otscaxmoai acQ xo aoifti 

hmp Xla Gin Mt Thr Oin aar Pro a«r Mr 1^ Mr Ala Mr Val Oly 

1ft 10 Ift 

MP Aro Val Th4 Xla Thr Cya Oln Ala Mr Ola Mp Xla Xla Lya Tyr 

'20 aft JO 

Trp Tyr Ola Ola Thr rro Oly Lya Ala rro Lya Lau Lau Xla 
Ift 40 4ft 
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Tyr ':itt Aim nmr hmn Lm Gla JU* Oly v«l »ro 9mr Arg Pte Smr Oly 
SO 55 60 

SM Oly Mr Oly Thr JUip Tyr Thr Fh« Thr Xlm Umr Bn Lm Gla Pro 
5 65 70 75 60 

Olu kmp llm him Thr Tyr Tyr Cy« Gla Gla Tyr Ola Smr Lmu Pro Tyr 
•5 90 95 

10 Thr Whm Oly Ola Oly Thr Lya Lm Ola Zl« Thr 

100 105 



(2) infcmucttcm wott no zo iK>t7t 

15 (1) ItQCBNCS CWUUCTKftZSTZCSt 

(A| UHGTHi 106 Mlao acid* 
(•) TYrSi Mine acid 
(C| CTiUMDBonsst aiagla 
(0) TOPOUMTt llaaar 



20 



30 



45 



55 



60 



(11) MOLBCOUI TYFti protala 

(all aCQOBMt DlSCIIXPTXOIff WQ ZD IIOi7t 



25 Jlap Zla Gla Nat Thr Gla Sar Pro Sar Sar Im^ Sar Ala Sar Val Gly 

15 10 15 



Aap Ary Val Thr Zla Thr Cya Lya Thr Sar Gla Aap Zla Aaa Lya Tyr 

20 25 30 

Nat Ala Trp Tyr Gla Gla Thr Pro Gly Lya Ala Pro hrg Lau Lou Zla 
35 40 45 



Mia Ty. Thr Sar Ala Lau Gla Pro Gly Zla P*o Sar Arg Pha Sar Gly 
35 50 55 60 

Sar Oly Sar Gly Ar« Aap Tyr Thr Pha Thr Zla Sar Sar Lau Gin Pro 

4% ^ 70 75 80 

40 Olu Aap Zla Ala Thr Tyr Tyr Cya Lau Gla Tyr Aap Aaa Lau Trp Thr 

S5 90 95 



Plaa i^ly Gin Oly Thr Lya Val Glu Ila Lya 
100 105 

(2> ZMPOmCATZOM PON StQ ZD NOtSt 



(1) SSQUSNCt CHANACTtNZSTZCSl 

I A) LSNOTHt 107 aalao aelda 
50 (S) TYPSa aalno acid 

(C> STNANDti^atssi alalia 

iD\ TOPOLOGYi li.aaar 



Ul# HOUSCUIX TtFE: protein 

(Ki) SIQUtNCB OtSCNZPTZOMi SIQ ZD NOlSl 

Aap Zla Gla Nat Thr Gla Sar Pro Sar Sar Lau Sar Ala Sar Val Gly 

15 10 15 

Aap Arg Val Thr Xla Thr Cya Gin Ala Sar Gin Aap Zla Zla Lya Tyr 

20 2& 30 



Lau Aaa Trp Tyr Gin Gin Thr Pro Gly Lya Ala Pro Ar« Lau Lau Zla 
65 35 40 45 

Tyr Olu Ala Sar Aan Lau Gin Ala Gly Zla Pro sar Arg Pha Sar Gly 
50 55 60 
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Bmr Gly Mr Gly Arg Mp Tyr Thr PhG Thr 
6S 70 

Gltt Amp llm him Thr Tyr Tyr Cy« Gin Gin 
as 90 

Thr PhG Gly Gin Gly Thr Lya L«u Gin llm 
100 105 



Xla Bmr Smr 

7S 

Tyr Gin SGr 
Thr 



Lm Gin Pro 
ao 

Lou Pro Tyr 
9S 



10 (21 XHPUlOUiTXOII POa aSQ XO IK>t9i 

(1) asoonci GRMacTsaxaTxcat 

ih} LSWTBt X23 Mlno acido 
(a) TTPSt aaino acid 
15 (C) aniAMDSDii^sSi slngXo 

(D) TOPulOGTt i.lnoor 

(11) MOLSCULS TTPli protola 

20 (xi) aBQoncs DsacaxPTXOMt aiQ xo iN>t9t 





GXu 
X 


vox 


GXn 


Lou 


GXn 
S 


GXn 


aor GXy 


AXa GXu Lou Vox Lya Pro GXy AXo 

XO XS 


25 


aor 


VaX 


Lya 


LMi 
20 


aor 


cya 


Thr AXa 


aor GXy Pho Aon XXo Lya Aop Thr 

2S 30 


30 


Tyr 
GXy 


xxo 

^ 
so 


Hla 

3S 

XXo 


Cya 
hmp 


vox 
Pro 


Lyn 
AX« 


GXn Arg 
40 

Aon GXy 
SS 


Pro Glu Gin Gly Lou Glu Trp Xlo 
4S 

Tyr Thr Lya Tyr Aop Pro Lya Pho 
60 


35 


GXn 

as 


GXy 


Lya 


him 


Thr 


XXo 

70 


Thr AXa 


Aap Thr aor aor Aan Thr Ala Tyr 

75 BO 




Lou 


GXn 


Lou 


Par 


aor 
as 


Lou 


Thr aor 


Glu Aop Thr Ala Vol Tyr Pho Cyo 

90 9S 


40 


JkXo 


Arg 


GXu 


GXy 

xoo 


Tyr 


Tyr 


GXy Asn 


Tyr Gly Vol Tyr Ala Mot Aap Tyr 

105 110 




Trp 


GXy 


Cln 
XXS 


GXy 


Thr 


aor 


VaX Thr 
X20 


Vol 5ar aor 



45 



50 



55 
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(31 XMPOaMATXOM POA aCQ XD MOtXOi 

(i| aSQOIMCS CHAAACTtaXaTXCai 

(A) LtacTHs XX9 aolno aelda 
(a) TYPtt aoiao acid 
|C) aTiiAiiDXonaat alngXo 
(D) TOPOLOGY! Xinoar 

(ii) MOLSCULS TYPKt protoin 

(«i> aBQOSMCS DiaCRXPTXOMi aSQ XO MOtXOt 

GXn VaX GXn Lou VaX GXn aor GXy AXa GXu 

X S 10 

Bar VaX Lya Val aar Cya Lya Ala 8or Gly 

30 3S 

Ala Mot Hla Trp Val Aro Oln Ala Pro Gly 
3^ 40 

Gly Trp XXo Aaa AXa GXy Aan GXy Aan Thr 
SO SS 




VaX Lya Lya 

Tyr Thr Pho 



GXn Arg Lou 
45 

Lya Tyr aor 
ao 



Pro GXy AXa 

X5 

Thr aor Tyr 

30 

GXu Trp Mot 
GXn Lya Pho 



r V 
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10 



15 



20 



50 
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60 



Gla Oly Ara Val Thr XI* Thr Arg hmp Thr 
65 70 

Hmt Gltt Lm Mr S«r IiM Arg Smr 61u Asp 
8S 90 

Ala Arg Oly Oly Tyr Tyr Oly Smr Oly Sar 
100 lOS 

Thr LM Val Thr Val 6ar far 

115 

(21 ZOTCmXATZOII VOK SIQ ZD MOtllt 

(1) SKOmiCB CHARACTS9ISTZCSt 

(A) LSMGTHt 123 aaino aeida 
<B| TVPSi aaiao acid 
(C> STRAHDSDMsast aiagla 
(D) TOPOLOerf linaar 

(11) NOUCCULB TYPBt protalA 

(Xi) aSQOSVCS DBSCRZPTZOHt 8BQ ZD NOtllt 



sar Ala Sar 

75 

Thr Ala val 
Aan Tyr Trp 



Thr Ala Tyr 
60 

Tyr Tyr Cya 
9S 

Oly Ola Oly 
110 



25 


Ola 


Val 


Gin 


Lau 


val 


Gin 


Sar 


Gly 


Ala Glu val Lya Lya Pro Gly Ala 




1 








S 






10 IS 




Sar 


Val 




val 


sar 


cys 


Lys 


Ala 


Sar Gly Pha Aan Zla Lya Aap Thr 








20 






25 30 


30 






















Tyr 


Zla 


Him 


Trp 


val 


Arg 


Gin 


Ala 


Pro Gly Gin Arg Lau Glu Trp Nat 






3S 






40 


45 




Oly 


Arg 


Zla 


Aap 


Fro 


Ala 


Aan 


Gly 


Tyr Thr Lya Tyr Aap Pro Lya Pha 


35 


SO 










SS 




60 




Oln 


Oly 


Arg 


val 


Thr 


Zla 


Thr 


Ala 


Aap Thr Sar Ala Sar Thr Ala Tyr 




6S 






70 






7S 60 


40 


Nat 


GlU 


Lau 


•ar 


sar 


Lau 


Arg 


Sar 


Glu Aap Thr Ala Val Tyr Tyr Cya 












8S 






90 9S 




Ala 


Arg 


Glu 


Gly 


Tyr 


Tyr 


Gly 


Aan 


Tyr Gly Val Tyr Ala Nat Aap Tyr 








100 










105 110 


45 




f 


















Trp 


Oly 


Ola 


Gly 


Thr 


Lau 


val 


Thr 


Val Sar Sar 




lis 








120 





(2> ZIIPOIINATZON fOR SSQ ZD NDil2i 

(1> SBQtflNCB CHASACTBAZSTZCSt 

(A) LSMGTUt 119 aaino aeida 
(S) TYPBt aaino acid 

(C) STSUUfOBOKKSSi stngla 
(0) TOPOLOGY » linaar 

(ii) NOLBCULB TYPBi protain 

(ail SBQUBMC8 DBSCRZPTZONt SBQ ZD NOtlSt 

Gin Val Gin Lau Val Gin Sar Gly Ala Glu 

15 10 

sar Val Lya Val Sar Cya Lya Ala Sar c^ly 

20 25 

Ala Nat Via Trp val Arg Oln Ala Pro Gly 
35 40 



Val Lya Lya 
Pha A«n Zla 



Pro Gly Ala 

15 

Lya Sar Tyr 
30 



Gla Oly Lau 
45 





.A ■ i 
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15 
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25 
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OXy Trp ZX« A«a JUa Oly Asa OXy Am Thr X.ya 
50 S5 

OXn OXy Aro VaX Thr ZXo Thr AXa Asp Thr Mr 
65 70 75 

Mat OXtt Lou Sor Sor Leu Arg 8or OXu Aap Thr 

as 90 

AXa Arg OXy OXy Tyr Tyr OXy Sor OXy Sor Aaa 
100 X05 

Thr Lou VaX Thr VaX Oor Sor 

XX5 

(2) ZinPOlOtiiTZOII FOR 8«Q ZD IK>tX3t 

(1) SIQOtNCI CUAMCTEAZSTZCSt 

(A) LSHGTRi XX9 AOlno SCldO 

(B) TYPBt MiAO acid 

<C) STMMDBOllBSSt aingXa 
<0) TOPOLOOTt Xiaoar 

cm NOLBCOLS TTPBs protoia 

(jti) SBQUnCB DBSOIZPTZOIIi SIO ZD ll0tX3t 



Sor OXa Lys Pbo 



AXa Sor Thr AXa Tyr 

so 

AXa VaX Tyr Tyr Cyo 
95 

Tyr Trp OXy OXa OXy 
XXO 



30 


GXo 
X 


VaX 


OXa 


Lou 


VaX 
5 


OXa 


sor OXy AXa OXu VaX Lya Lya Pro OXy AXa 

XO X5 


Sor 


VaX 


Lya 


VaX 

20 


sor 


cya 


Lya AXa Sor OXy Pho Aaa ZXo Lya Sor Tyr 

25 30 


35 


AXa 


Mot 


Bis 

35 


Trp 


VaX 


Arg 


OXa AXa Pro OXy OXa Arg Lou OXu Trp Mot 
40 45 




OXy 


Trp 
50 


ZXo 


Aaa 


AXa 


OXy 


Aaa OXy Aaa Thr Lya Tyr Sor OXa Lyo Pho 

55 60 


40 


OXa 
65 


OXy 


Arg 


VaX 


Thr 


ZXo 

70 


Thr AXa Asp Thr Sor AXa Sor Thr AXa Tyr 

75 SO 


45 


Mot 


OXu 


Lou 


Sor 


Ser 

as 


LOU 


Arg Sor OXu Asp Thr AXa VaX Tyr Tyr Cys 

90 95 


AXa 


Arg 


OXy 


OXy 
XOO 


Tyr 


Pho 


OXy Sor OXy sor Asa Tyr Trp OXy OXa OXy 

X05 XXO 


50 


Thr 


Lou 


VaX 
XX5 


Thr 


VaX 


Sor 


Sor 




55 



60 



65 



(2) ZBPOOMATZOM FOR SBQ ZD N0tX4t 

(1) SeQUCMCS CHABACTBJtrSTZCSi 

(A) LBNGTHt 406 baao palra 
IB) TYPBt Bucloie acid 
(C) STBAMDBOBBSSt dOubXo 

CD) TOPOLOGY t Xiaoar 

(ii) M0L8CULB TYPBi eOMA 

(ia) PBATURBt 

(A) BANE/UYi CDS 

(B) LOCATZOMt X6..393 
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(jfi) SSQITXIiCS DXSCMPTZCMs SSQ IP MO<14s 
AAGCTTGGOO CCACC ATO AGA COO TCT ATT CAC TTC CT6 GG6 CTC TTO TTO 



SI 



9 








1 














TTC TOO 


CTT 


CAT 


GOT 


OCT 


CAG 


TOT 


GAC ATC 


CAG ATO ACA CAG TCT CCA 


99 




PhA Trp 


T 


tti M 
HX0 


Oly 
* 


Ala 


Gin 


cyo 


AOP *10 


wXn IMiC Tlir OXn 9mK rTO 














«u 








^ n 

XQ 
























TCC TCA 


CTO 


TCT 


GCA 


TCT 




CTO 


GGA 


GGC AAA 


CSTV ATw ACT TvC AAM 










ftor 


Ala 


sor 


» — 
mOU 


Oly 


Gly Lyo 


VaI <f*K» T1* <I*H» C%»m T «#a 

VAX Tiir A XV xnr wyv **yo 




















AO 




15 


jliCI^ AGC 


CAA 


6AC 


ATT 


AAC 


AAO 


TAT 


AT6 OCT 


TGG TAC CAA CAC AUG OCT 


19S 




Thr S^r 


Gin 


A«p 


IlO 


Asn 


Lyo 


Tyr 


HOC AAO 


Trp Tyr vxn bxv **yo ^ro 






45 






50 






55 60 






OCA AAA 


COT 


CCT 


AGO 


CTO 


CTC 


ATA 


CAT TAC 


ACA TCT CCA TTA CAG CCA 


243 


20 




Arg 


Pro 


Arg 


LOU 


Lou 


ZlO 


Hio Tyr 


Thr Sor Als Lou Gin Pro 








65 








70 


75 






GGC ATC 


CCA 


TCA 


AGO 


TTC 


AGT 


GGA 


ACT GOG 


TCT GOG AGA GAT TAT TCC 


291 




eiy Zl« 


Pro 


sor 


Arg 


Pho 


Sor 


Gly 


Sor Gly 


Sor Gly Arg Asp Tyr sor 




25 




SO 










SS 


90 






TTC AAC 


ATC 


ACC 


AAC 


CTO 


GAG 


CCT 


GAA GAT 


ATT OCA ACT TAT TAT TOT 


339 




Ph« Asn 


Zl« 


sor 


A«n 


Lou 


Glu 


Pro 


Glu Aap 


ZlO Ala Thr Tyr Tyr cyo 








95 










100 


105 




30 
























CTA CAG 


TAT 


CAT 


AAT 


CTC 


TCG 


AGO 


TTC CCT 


GGA CCC ACC AAG CTO CAA 


387 




Vm%x GXn 


Tyr 


Asp 


ASfl 


LOU 


Trp 


Thr 


rho Gly 


Gly Gly Thr Lys Lou Glu 






110 






115 




120 




35 


ATC AAA 


CGTGA6TGGA TCC 










406 




llm Ly« 





















40 



45 



50 



55 



60 



65 



125 

(2) ZKPORMATZOlf FOR SSQ ZD IfOtlSt 

(1) SBQUSNCS CHAAACTSSZSTZCSi 

(A) LXNCTHt 126 OOino OCldO 

(B) TYPBt Aoino acid 
(D) TOPCLOOYt llnoar 

(li) NOLSCULB TYPBi protoin 

SBQUBNCB DBSCllZPTZOMt SBQ ZO MOilSi 



30 



35 



50 
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SS 



100 



Gin 


Pho 


Lou Gly 


Lou 

10 


Lou 


Lou Pha Trp Lou His 

15 


ZlO 


Gin 


Hot Thr 

25 


Gin 


Sor 


Pro Sor 6or Lou Sor 


x-ys 


Val 


Thr ZlO 
40 


t«tr 


Cya 


Lyo Thr Sor Gin Aap 
45 


Ala 


Trp 
55 


Tyr Gin 


Hio 


tya 


Pro Oly Lya Arg Pro 
60 


Tyr 

70 


Thr 


Sor Ala 


Lou 


Gin 
75 


Pro Gly ZlO Pro Sor 

SO 


Gly 


Sor 


Gly Arg 


Aap 

90 


Tyr 


Sor Pho Aan Zlo Sor 

95 


Aap 


ZlO 


Ala Thr 


Tyr 


Tyr 


Cya Lou Gin Tyr Aap 



xos 



110 







0. 



73 



JUn Lm Trp Thr Ph« Gly Gly 

lis 121 



ly Thr Lys Lm GIu ZIg l.y« 
20 125 



10 



(2) XIIFOIUATZOII FOR 6SQ ZD llOtl6t 

(1) SCQOmCI CRARACTSHZSTZCSs 

(A> XJSNOTHt 454 bfts« p«irG 

(B) TYPBt nuclaie acid 

(C) STRAIfOSDNBSSi flinglG 

(D) TOPOLOGYi linear 

(11) MOLBCOLS TYPBt cOlU 



15 



(ix) PSATORSi 

(A) NMa/XSTi CDS 

(B) LOCATZONt 16.. 441 

(Kil SSQOBIfCB OBSCRZPTZOIft 8BQ ZD IR>tl6f 

20 jyu;CTTGCCG CCMC AT6 OM T60 ACC TGG COC GTO TTT TGC CTO CTC QCC 

Itet; hmp Trp Thr Trp Ar9 Vml 9hm Cya Lm Lm AIg 
15 10 



SI 



25 


GTG GCT 

Vml Ala 


cat 
Pro 
IS 


GGG 
Gly 


GCC 
Ala 


CAC 
Hla 


AGC 
Bar 


CAG 
Gin 
20 


GTG CAA 
val Gin 


CTA GTO CAG TCC GGC GCC 
Lau Val Ola Bar Gly Ala 
2S 


99 


30 


6AA GTO 
GIu VaI 
30 


AAC 
Lyn 


AAA 
hym 


ccc 
Pro 


OCT 
Gly 


OCT 
Ala 

35 


TCC 
Sar 


GTG AAA 
Val Lya 


GTC AGC TOT AAA GCT ACC 
Val Bar Cya Lya Ala Sar 
40 


147 


35 


GCT TTC 
Gly PhG 
45 


AAC 
A«n 


ATT 
ZlG 


AAA 

Lya 


GAC 
Aap 

SO 


ACC 
Thr 


TAT 
Tyr 


ATA CAC 
Zla Hia 


TGG GTT AGA CAG GCC CCT 

Trp Val Arg Gin Ala Pro 

5S 60 


195 


40 


GGC CAA 

Gly Gin 


AGO 
Ar9 


CTO 
Lau 


GAG 

GIu 
6S 


TOO 


ATO 
Nat 


GGA 

Gly 


AGO ATT 
Arg Zla 

70 


GAT CCT GCG AAT GOT TAT 
Aap Pre Ala Aan Gly Tyr 

75 


243 


ACT AAA 
Thr ^ys 


TAT 
Tyr 


GAC 
hmp 
BO 


CCG 
Pro 


AAG 
Lya 


TTC 
Pha 


CAG 
Gin 


GGC OGG 
Gly Arg 
BS 


GTC ACC ATC ACC GCA GAC 
Val Thr Zla Thr Ala Aap 
90 


291 


45 


ACC TCT 
Thr Bmr 


CCC 

Ala 

95 


ACC 
Bar 


ACC 
Thr 


GCC 
Ala 


TAG 

Tyr 


ATO 
Nat 

100 


GAA CTO 
Olu Lau 


TCC AGC CTO CGC TCC GAO 
Bar Bar Lau Arg Bar GIu 
105 


339 


50 


GAC ACT 
Asp Thr 
110 


GCA 
Ala 


GTC 

val 


TAC 

Tyr 


TAC 

Tyr 


TGC 
Cya 

lis 


GCC 
Ala 


AGA GAO 
Arg Olu 


GGA TAT TAT GOT AAC TAC 
Gly Tyr Tyr Gly Aan 'ryr 
120 


3B7 


55 


GGO GTC 
Gly V«l 

125 


TAT 


OCT 
Ala 


ATO 
Mat 


GAC 
Aap 

130 


TAC 
Tyr 


TGG 
Trp 


GOT CAA 

Gly Gin 


GGA ACC CTT GTC ACC 6TC 
Gly Thr Lau Val Thr Val 

130 140 


43S 




TCC TCA 
B«r Bmr 


GGTGAGTOGA TCC 










454 



60 
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(2 1 ZNPORMATZON POU 8BQ ZD IIOil7i 

(i) BEgUCNCB CHARACTERXSTXCSt 

(A) LENCTHt 142 amino aclda 

(B) TYPBt amino acid 
(D) TOPOLOGYt llnaar 

(ill NOLBCULB TYPBt protain 



:.•:>' 
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(xi) SMQOMMCE DSSOtZPTZOIft SXQ ID «Otl7s 

IMt Asp Trp Thr Trp Arg V*l Ph« Cy« Lm Lm Ala Val Ala Pro Qly 

X 5 10 15 

Ala Bia Smr Gin val Gin Lau Val Gin Sar Gly Ala Glu Val Lya Lya 

20 25 30 

Pro Gly Ala Sar Val Lya Val Sar Cya Lya Ala Sar Gly Phm Aan Xlo 
3S 40 4S 

Lya Aap Thr Tyr Ila Bia Trp Val Arg Gin Ala Pro Gly Gin Arg Lau 

SO 5S 5C 

Glu Trp Mat Gly Arg Xla Aap Pro Ala Aan Gly Tyr Thr Lya Tyr Aap 

6S 70 7S SO 

Pro Lya Pha Gin Gly Arg Val Thr Xla Thr Ala Aap Thr Sar Ala sar 

as 90 95 

Thr Ala Tyr Mat Glu Lau Sar Sar Lau Arg Sar Glu Aap Thr Ala Val 

100 105 110 

Tyr Tyr Cya Ala Arg Glu Gly Tyr Tyr Gly Aan Tyr Gly val Tyr Ala 

115 120 125 

Mat Aap Tyr Trp Gly Gin Gly Thr Lau Val Thr Val Sar Sar 

130 135 140 

(2> INPORMATXOM PGR SSQ XD HOtXS: 

(1) SBQUncS CHAMCTSRXSTXCSt 
I A) LENGTH I 37 baaa pair a 
<S) TYPES nuelaie acid 
iC) STRAMDBOinsst alngla 
(D) TOPOLOGYi llnaar 

(11) MOLBCOLB TYPBs DMA (prinar) 

(xi) 8BQUXNCB DBSCBXPTXOMi SBQ XD NOtlSi 

CACAAACCTT GCCGCCACCA TCAGACCCTC TATTCAO 

(2) IWPORMATIOH PGR 8CQ XD MOi19j 

(i| SBgaBBCB CHARACTBRZSTICSt 
(A) LSMGTHi 3S baaa paira 
(8| TYPBt nuelaie aeid 
(C) STRAMOBOMBSSt aingla 
(O) TOPOLOGYt linaar 

Cii| NOLBCULB TTPBt DMA <priaMr) 

(Xi) SKQUSNCB DBSCRXPTIONi 6X0 ID HOsl9» 
CCCACGATCC ACTCACGTTT GATTTCCAOC TTOGT 
(2) IMPORMATXOM PGR SBQ XD MOi20i 

(i) SKQUBNCB CHARACTBRXSTXCS: 

(A) LENGTH I 37 baaa paira 

(B) TYPBi nuelaie acid 
(C| STRANDBONSSSi aingia 
(D| TOPOLOGYi linaar 

(ii| MOLECULE TYPPl DMA (priMrl 
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(Xi) StOmCM OSSCRIPTXOIIt SXQ ID 19Os20i 
CMAMfiCTT CCOCCCACCA TCAAATCCAO CTGGCTC 
|2) XlirOMCIlTZOH FOR 81Q ZD »0t21t 

(1) SSQUXIfCS CBMACmiXSTZCSt 

(A) LSNQTBt 33 baM pairs 

(B) TYFSt nuel«ic acid 
(C> STMMDXDHlSSt •ingl« 
(0| TOPOLOOTt IlnMT 

(11) mucOLS TTPIt OA (prlMr) 

(xi) tSQOnCS DSSOUPTZOMl 81Q ZD Il0t21t 

COOAOMTCC ACTCAOCtOA GOMAOQGTO ACT 

(3) ZVraUCATZOM rOR SSQ ZD IIOt22t 

(1) SSQOSirCS CBMACmXSTZCSf 
ih} LUGTHi 39 teM pairs 

(B) TYPBi auel«lc acid 

(C) STWUfDXOIfBSSt mlnqlm 

(D) TOPOLOOTt ilnaar 

(ii) NOLBCCU TTPBt DMA (priMr) 

(xi) SBQOnCB DKSCRZPTZOlIt ICQ ZD llOt22i 

GXTCCTGACT CTATCTCCTA CACATCCACX CAQTQMSGA 

(21 ZftPOBKATZOir FOB SBQ ZD BOt23r 

(i) SBOOSlfCS dURACTlRXSTZCSt 

(A) LBHGTKt 32 baaa pairs 

(B) TYPBi nueXaie acid 

(C) BTBANDSDNBSSt ain^is 

(D) TOPOLOGTt lifiaar 

(ii) NOLBCUtB TTPBt DBA (priMr) 

(Xi) BBQOBBCS DBSCRXPTXOHl B»0 XD Ii0t23l 

CTCTAOGACA TACACTCAOC ATCACTT8CA AO 

(2) ZBPORMATZOII FOB SBQ ZD MOt24t 

(1) BBQOBMCB CHABACTBBZBTZCBt 

(A) LBMOTHt 39 baaa pairs 

(B) TYPBt nueXsie acid 

(C) BTBABOBOMBSSt SingiB 

(D) TOPOXMTi Xilksar 

(ii) MCUtCULB TTPBt OKA (prinar) 

(xi) BBQOBMCB OBBCBZPTZOm BBQ ZD B0t24i 

A0GA6CTTTT OCAOOTQTCT OTtOGTACCA AOCCATATA 

(2) ZMPOBMATZON BOB BBQ ZD IIOt3Si 

(i) BBQUBMCB CffARACTBBZBTZCSi 

(A) LBMGTUs 4X bass pairs 

(B) TTPBt nueXsie acid 

(C) BTRAMOBOirBBBt SifigXs 
(O) TOPOLOOTt XiJisar 

(ii) MOLBCULB TTPBt DBA (priMr) 



37 



33 



39 



32 



39 
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(xi) SBOOSMCX OKSCRZPTZMt SBQ XD llOt25t 
ACCMCACAC ACCTG6AAM GCTCCTAGCC TCCTCATACA T 
(2) ZinrOBlCJiTZOII for SBQ ZO llOs26t 

(1) SSQOSNCS CRAMCTSRZSTZCSt 

(A) U:iGTHi 40 bAM pairs 
<B) ryPSt nucleic acid 

(C) STRANDBDHBSSt slngltt 

(D) tOPOLOOYs IlMAT 

fii) NOLSCOXJB TYPBt DMA (prlMr) 

tBQOBTCB DBBCRZPTZOirt SBQ ZO IIOi26f 

GCAOOCTOCT OATOOTOAAA OTATAATCTC TCCCAOAOOC 

{2) ZimiOCJiTZOII roit SBQ ZD llOt27t 

(1| BBQOBMCB CRAIMCTBllZBTZCSf 
|X) LBMGTHl 42 b«M pairs 

(B) TYPBi nuelsie acid 
<e| BTRAMOBONBSSc aifigla 
(0) tOPOiOGYt linaar 

<ii| MOLBCOLB TYPBt DBA (priMr| 

(xi) SBQOBNCB DBSCRZPTZOMt SBQ ZO MOs27i 
ACTTTCACCA TCACCACCCT CCACCCTCAA GATATtCCAA CT 
(2) ZBPOBKATXOil FOB SBQ ZO lfOt2Sc 

(i) SBQUEKCB CKABACTBRZSTZCSt 

(A) LEKCTHi 59 baa« pairs 
CB) TYPBt nuelsie acid 

(C) STRAHDBDNBSSt SifigXs 
(0) TOPOLOGYt Xiftsar 

(;i) aiOX.BCUZ.B TYPBi DMA (priasr) 

|ai) SBQUBMCS DBSCRZPTZOMt SBQ ZD MOt2at 

C06A0GAT0C ACTCAC6TTT GATTTCCAOC TTCGTCCCTT GACOOAAOOT OCACAfiATT 

(2) ZMPORNATZOM PGR SBQ ZO MOt29t 

ID SBQUBMCB CHARACTBRZSTZCSi 
(A| LBMOTHt 33 bass pairs 

(B) TYPBt nuelsie aeid 
(C> STRAMDBDMBSSt singls 
<D) TOPOLOGYt lifMSr 

(ii> MOLBCUU TYPBt DHA (prUear) 

(si) SBQOBMCB DBSCRZPTZOMt SBQ ZD NOt29i 
CCAAAAGCTC CTAOGCTOCT CATATATTAC ACA 
(2) ZMPORNATZOM POR SBQ ZD NOt30i 

<i) SEQUENCB CHARACTERXSTXCSt 

(A) UNCTHi 38 bass pairs 

(B) TYPBt nuelsie acid 
|C> STRAMDBDMBSSt singls 
ID) TOPOUWYt Xinsar 

(ii) MOLBCULS TYPBt DMA (priasr) 



4X 



40 



42 



59 



33 
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(xi) SBQVSNd DBSOZPTXOlls 8BQ ZD NOtaOt 
C06MGAT0C ACTCAOCTTT GATTTCCAOC TRGTGOC 38 
C2) ZHFOMATIOII FOR SXQ ZD Wiait 
(i> SSQUSMCS CHARACmZSTZCSt 

CA) LSHGTBi 51 bAM pairs 
<B) TYPBi nuelaie ACid 
<C) snwvOKOlfBSSt single 
(D) TOPOLOCYi llMAT 

(II) MOLKCOLB TTPSs DMA <^lMr) 

(III) SSQOSIICB OSSCnZPTZOIIt StQ ZD llOt31i 
AACCCACTOT ATATAfiOTQT CTTTAATGTT OAAACCCCTA GCTTTACAOC T SI 

13) imfonwtiam warn mq zd not 33 i 

(1) S8QUSMCS CHARACnRZSTZCSt 

(A) LSNGTRt 67 b«M pAlr« 

(B) TYPBt nucl«le acid 

(C) BTBAIIDBOIfBSSt SlfiglB 

(D) TOPOZMYt IlaMr 

(li) MOUCOLB TYPBt DMA (prlMr) 
(xl> SBQUXMCB DBSCRIPTIOHs SBQ ZD llOt32t 
AAACACACCT ATATACACTO GGTTACACAO GCCCCTGCCC AAACGCTGOA GTGGATGGGA 60 
AOGATTO 67 
(2) ZBTOBNATZOII VOB 8BQ ZD MOi33i 

(1) BKQUBICCB CHAKACTBAZBTZCBf 

(A) UUiGTHt 26 bAM pmltm 

(B) TYPBt fluelBle Mid 
<C) STMOIDBCNBSSt SlnQla 
(D) TOPOtOCrt llMAT 

(11) MOLBCULB TYPBt DBA (prlMr) 

(xl) 8BQUBBC8 OBSCBZFTXOMt 8BQ ZD liOt33t 

GACCOCCCCe TGGAACTTOO QOTCAT 26 

(2) ZBramCATZCMI FOB 8B^ ZD Wi34t 

(1) 8BQUBBCB CHARACTBBZBTZCBt 
' 4> (A) LBMOTHt 66 b«M p«lra 

(B) TVPBf nueX*le acid 

(C) BTBABDBDBBBBl Slfigl* 

(D) TOPOLOCYi llRMr 

(li) MOLKUU TYPBf DBA (prlMr) 
(xl) BBQUBBCB DBBCBZPTXOMt BBQ ZD BOi34t 
CACCCCAAOr T C CAGOOCAO OOTCACCATC ACOCCAGACA CCTCTGCCAO CACOOCCTAC 60 
ATCCAA 66 

(3) ZBrORNATZON FOB BBQ ZD BOt35i 

(1) BBQUBBCB CHABACTBBZBTZCBi 
(A) LSNOTHf 64 b«M p«lr« 

<*> n^S* naelBle Bcld 
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(C) STWUfDBOHSSSs alliglc 
(O) TOPOLOGtt XlMAT 
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(ill MOLSCULS TTFSt OKA <priMr| 

<xi| BETtmCE OSSCRZPTIOIIf 8WQ ZD IIOt3Sf 
OCATAOOm OAOOOOOTM TTAOCIiTAAT ATOCCTCTCT GOOGGACTM TAOACTGCM 
TOTC 

<2) ZUrailMATZOII FOR »MQ ZD W><J6i 

|i> SSQUnCl CHIUUCTXIIZSTZCSt 
|A) LBMTHt 63 b«M p«lr« 
<•> TYPSt Auelaic Mid 
(C> SnUUIDSOmSSt •Ingl^ 
ID) TOreLOGYs liM«r 



60 
64 



(ii> MoucoLB rrnt dha (priMr) 

SBQOIMCB OlSCAZFTZOrt SSQ ZD »Ot36t 
06TAACTAOO OOOTCTATGC TAICGACTAC TGGGOTCAAO GAACeCTtOT C A CCO TCTer 
TCA 

(2) ZIfPMNATZOII rOA StQ ZD IIOt37t 

ID SSQUCMCS CHAKACTCRXSTlCSt 

(A) LSMGTHi 37 b«ft« p^Lvm 
|A| TYPSt nuelslG acid 
|C> STRAMOBOiaiSSi siii^la 
|D> TOPOIOOYi liflMr 

I ill NOLBCOLI TYFSt DMA iprimmv) 

|xi| tlQUSIICS DBSCmPTZOm SIQ ZD not 37 • 

CC ACCC C CCO GTCACCA7CA CCACACACAC CTCTGCC 

|2| ZMFORMATZOli POR SBQ ZD HOt36t 

li} 6K9USIICS CHAMCrtPtSTXCSt 
I A) LSNCTHf 27 hmmm pairs 

(B) Tzyxt nucleic acid 
|C| STAAUDBONtSSt single 
ID) TOPOLOGYt liiMiar 

111) MOLSCULS TYPSt DMA {primmr) 

|Ki) tSQUSSCS DSSCSXPTXOMi SSQ 10 IIOi36l 

CAOC CC C C T O CCCAAOOOCT GGACTOO 

(2) ZSPOWUTXOII POS SSQ 10 IIOi39t 

11) SSgUSKCS CKASACTSSZSTZCSt 
|A) LSNOTHl 17 bAM P«lr» 

IS) TYPSi nuelaie acid 

|C| STSAMOSDNSSSl singlG 
|D| TOPOlXWYi l«M«r 

111) MOLSCULS TYPSi DMA iprlMr) 

|xl) ASQUSMCS DSSCSXPTXOMi SSQ 10 MOt3«i 

TAOOCAAAOe OCCTCTC 



60 

63 



37 



27 








10 



19 



20 



29 



39 



40 



49 
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60 
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79 



(2) zvraiNATZoa worn mmq zd vot40i 

(il iwuBi w a cnKACTSMrrzcst 
|A) L»ont 10 b«M p^irm 
(•) nnt nuclale *eld 

(C) muoiDSDnsst •ingi* 

(D| TWXXm$ l inmmr 
(ill NOLKOLS TYni DM (prlMr) 

lsi) raomaci dbscrzptzoiii mq zo mi40i 

OMJTOCACA TATOOOOT 

(2i zimnmrzoM ron no zo iK)i4it 

(i) tsQOKvcs auMcmztrzcsi 

CA| LSMonii 116 Mine mei4m 
|Bi TYMt MiaP Mid 

ID) TOMCjOOTi liAMr 



IS 



DBsenzrTzom sbq zd iioi4it 



6S 



VAl Olll 




VAX 
6 


OXn 


6«r OXy 


AXa OXtt Vr X Lya Lya rro OXy AXa 
XO 16 




VAX 

30 


Mr 


Cy« 


Ly« AI« 


Sar GXy Tyr 6ar rha TKr Mr Tyr 

2% 30 


Zl« His 
26 


Trp 


v«x 


Ar9 


Ola Ma 
40 


Pro OXy QXa OXy Lau OXu Trp VaX 
46 


lyr zi« 

60 




rro 


rii* 


Aaa OXy 
66 


OXy Thr Oar Tyr Aaa OXa Lya 9hm 
60 


Cly l,y« 


v«X 


Thr 


MM 

70 


Thr Val 


Aap Thr 6ar Thr Aaa Thr AXa Tyr 

76 60 


Oil! 


6«r 


6«r 
66 


LM 


Arg 6ar 


CXu Aap Thr AXa VaX Tyr Tyr Cya 
«0 96 




Oly 
XOO 






Phm Ala 


Tyr Trp OXy OXa Oly Thr VaX 

X06 XXO 


V*l Mr 

1X6 


•M 











(31 ZHftMMATZOtf POH SDQ ZD MOi42i 

(il aagutaies oiAiuiieTRZOTZcOf 

(A| LSMTlli 106 aaiao acida 
(to) TYPt; mno 
CC| 6TllAm«0«B66i aia^Xa 
ID) TOPOLOGY I Xifiaar 

|ii| NOLAOU TYPlt protaia 

ASQUtMCS DISCaiPTZOMi SAQ ZD IIOi42i 

Aap Xla Gin Nat Thr Gin 6ar Pro aar 6ar 

IS IC 

Aap Arg VaX Thr ZXa Thr Cya Arg Ala Aar 

30 3ft 



Lau aar AXa Sar L«u OXy 

IS 

GXa Aap Aap ZXa 6ar Aaa 

30 
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Tyr LM xsn Trp Tyr om In l.y« Pro ly Oly S«r Pro Ly« Lm 
35 40 45 

Zlo Tyr Tyr Ja« 8« Arg Liwi His Mr OXy V«l Pro Sor teg Ph* 
SO SS 50 

Oly sor Oly Oly Thr Aop Tyr sor L«i Thr Xlo Mr tea Ola 

^0 'f^ •o 

Ola Oltt tep Xlo Ala Thr Tyr Pho Cy» Oln OXa Oly tea Thr Lm Pro 
•5 50 55 

Pre teg Thr Plio Oly Oly Oly Thr Lyo Lou OXu XXo Lyo 

100 X05 

(2) XWPOMUTXOV fOR SIQ XD MOt43i 

(i| StQOnCS CHMUUrTSAXSTXCSt 

(A) LINOTHt XX4 Miao MidO 
CD TYPSs Miao acid 
(C) STiuunsoHisst aiaoXo 
(01 TOPOLOOTi Xiaoar 

(11) NOLSCOLS TTPti protola 

(si) 81QOSIM OBSCaiPTXOUt SBQ XO aOi43t 

A«p XXo CXa Kot Thr OXa Mr Pro Mr Mr Lou Sor AXa Sor VaX OXy 



XO 



tep tea VaX Thr XXo Thr Cya teo AXa Mr OXa tep Sor Lou VaX Xaa 

" 30 



20 



2S 



tea Mr XXo Mr tea Tyr Lou Aan Trp Tyr OXa OXa Lya P»o OXy Lya 
35 40 45 

axa Pro Lya Lou Lou XXo Tyr AXa AXa Mr Mr Lou OXu Mr Cly VaX 

50 55 50 

Pro Mr Ar« Pho Mr OXy Mr OXy Mr OXy Thr tep Pho Thr Lou Thr 
65 70 75 50 

XXo Mr Mr LOU OXa Pro OXu tep PM AXa Thr Tyr Tyr Cya oXa OXa 

85 90 95 

Tyr tea Mr Lou Pro OXu Trp Thr Pho CXy OXa OXy Thr Lya VaX OXu 

100 105 XXO 

XXo Lyo 

50 (2) XMPOfWAYXOH POR OBQ XD W>l44l 

11) SKQOSMCI CHAAACTBAXSTXCSi 

(A) LBOOTHi X25 aolao aelda 

(B) TYPCi Mlno acid 

5$ (C) STAAIIDKONSaS t Alngla 

(O) TOPOLOGY I Xiaoar 

(11) NOLBCULB TTPBt protaia 

60 (Xl) fBQtfBBCB OBSCBXPTIOMt BBQ XD NOi44l 

CXu VaX Ola Lou CXa GXa Bar CXy AXa CXu Lou V^X Ly» Pro GXy Ala 

15 XO X5 




81 
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50 



Oly Arg llm hmp Pro Al« Asn Gly Asn Thr Lys Tyr 
50 55 60 

Gin Oly Lys Ala Thr ZlG Thr Ala Aap Thr Sar Bar 
55 70 75 

Lau Oln Lau 8ar Sar Lau Thr Sar Olu Asp Thr Ala 
85 90 

Ala Ar« Gly Tyr Tyr Tyr Tyr Aap Sar Xaa Val Oly 

100 105 

Aap Tyr Trp Oly Ola Oly Thr JCaa val Thr Val Oar 
' ' 115 120 125 

(2) mromcATzoii for sbq zd iiot45t 

ID SSQOnCI CHARACTSRlSTZCSt 

(A> LSmTBi 129 amino aeida 
(81 TTPSt aAlno acid 
<C) 8TRAIR)B0mE8St alfiola 
(O) TOPOLOGTt liaaar 

(11) NOLSCOLS TYPSt protala 

(xl) SBQUBMCI DSSCRZPTZOIIt 8SQ ZD »0s4St 

Gin Val Gin Lau Val Oln 8ar Oly Ala Glu Val Lya 

15 10 

Sar val Lya Val Sar Cya Lya Ala Sar Gly Tyr Thr 

20 25 

Ala Zla Sar Trp Val Arg Oln Ala Pro Oly Ola Oly 
35 40 

Gly Trp Zla Aan Pro Tyr Oly Aaa Oly Aap Thr Aaa 

50 Si> 80 

Pha Ola Gly Arg Val Thr Zla Thr Ala Aap Thr Sar 
85 70 75 

Tyr Mat Olu Lau Sar Sar Lau Arg Sar Olu Aap Thr 

85 90 

Cya Ala Arg Ala Pro Oly Tyr Oly Sar Gly Oly Gly 

100 108 

Tyr Xaa Pha Aap Tyr Trp Gly Gin Gly Thr Lau Val 
115 120 128 



Aap Pro Lya Pha 



Aan Thr Ala Tyr 
80 

Val Tyr Tyr Cya 
95 

Tyr Tyr Ala Mat: 
110 



Lya Pro Gly Ala 

15 

Pha Thr Sar Tyr 

30 

Lau Olu Trp Nat 
45 

Tyr Ala Oln Lya 



Thr Sar Thr Ala 
80 

Ala val Tyr Tyr 

95 

Cya Tyr Arg Oly Aap 

110 

Thr val Sar Sar 





82 



WHAT IS CIAIMED IS; 



1 1. A hunanized iniBunoglobulin comprising a huaanized 

2 heavy chain and a humanized light chain: 

3 (1) the htuanized light ^hain comprising three 

4 complementarity determining regions (CDRl, CDR2 and CDR3) 

5 having amino acid sequences from the corresponding 

6 complementarity determining regions of the mouse 21**6 

7 immunoglobulin light chain variable domain designated SEQ* ID. 

8 No. 2, and a variable region framework from a human Kappa 

9 light ^hain variable region framework sequence except in at 

10 least one position selected from a first group consisting of 

11 L45, L49, L58 and L69, wherein the amino acid position is 

12 occupied by the same amino acid present in the equivalent 

13 position of the mouse 21-6 immunoglobulin light chain variable 

14 region framework; and 

15 (2) the humanized heavy chain comprising three 

16 complementarity determining regions (CDRl, CDR2 and CDR3) 

17 having amino acid sequences from the corresponding 

18 complementarity determining regions of the mouse 21*6 

19 immunoglobulin heavy chain variable domain designated SEQ. ID. 

20 No. 4, and a variable region framework from a human heavy 

21 chain variable region framework sequence except in at least 

22 one position selected from a second group consisting of H27, 

23 H28, H29, H30, H44« H71, Wherein the amino acid position is 

24 occupied by the same amino acid present in the equivalent 

25 position of the mouse 21-6 immunoglobulin heavy chain variable 

26 region framework; 

27 wherein the humanized immunoglobulin specifically binds 

28 to VXA-4 with a binding affinity having a lower limit of about 

29 10^ K*^ and an upper limit of about five-times the binding 

30 affinity of the mouse 21-6 immunoglobulin. 



V. 



2. The humanized immunoglobulin of claim 1 wherein the 
humanized light chain variable region framework is from an REl 
variable region framework sequence except in at least one 
position selected from the first group, and except in at least 
one position selected from a third group consisting of 




b->s^^,:. :-<.'. '*yr'v^^:.--:-'. * . 
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6 positions L104, L105 and L107, wherein the amino acid position 

7 is occupied by the sane amino acid present in the equivalent 

8 position of a )cappa light chain from a himan immunoglobulin 

9 other than R£l« 



^-5 



1 3. The himanized immunoglobulin of claim 2, wherein the 

2 humanised heavy chain variable region framework is from a 

3 21/28 *CL variable region framework sequence. 

1 4. The humanized immunoglobulin of claim 3, wherein the 

2 humanized light chain variable region framework comprises at 

3 least three amino acids from the mouse 21.6 immunoglobulin at 

4 positions in the first group and three amino acids from the 

5 kappa light chain from the human immunoglobulin other than REX 

6 at positions in the third group, and the humanized heavy chain 

7 variable region framework comprises at least five amino acids 

8 from the mouse 21.6 immunoglobulin at positions in the second 

9 group. 

1 5. The humanized immunoglobulin of claim 4, wherein the 

2 humanized light chain variable region framework is identical 

3 to the REl light chain variable region framework sequence 

4 except for the at least three positions from the first group 

5 and the three positions from the third group, and the heavy 

6 chain variable region framework is identical to the 21/28 *CL 

7 heavy chain variable region framework sequence except for the 

8 at least five positions from the second group. 

1 6. The humanized immunoglobulin of claim 5, wherein the 

2 at least three positions from the first group are positions 

3 L58 and LC9, and at the least five positions from the 

4 second group are positions H27, H^f^, H29, H30 and H71. 

1 7. The humanized immunoglobulin of claim 6, wherein the 

2 humanized light chain comprises complementarity determining 

3 regions that are identical to the corresponding 

4 complementarity determining regions of the nouse 21-6 heavy 

5 chain, and the humanized heavy chain comprises complementarity 



m / 
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deteralning regl no that are identical to th corresponding 
conpleaentarity determining regions of the mouse 21-6 heavy 
chain, except that the CDR3 region of the humanized heavy 
chain may or may not comprise a phenylalanine residue at 
position H98« 



1 8. The htimanized immunoglobulin of claim 7, vherein the 

2 CDR3 of the humanized heavy chain comprises a phenylalanine 

3 residue at position H98. 

1 9. The humanized immunoglobulin of claim 1, trtierein the 

2 amino acid sequence of the mature light chain variable region 

3 is the sequence designated La (SEQ. ID HO:?) in Fig. 6. 



1 10. The humanized immunoglobulin o^ claim 1, vherein the 

2 amino acid sequence of the mature light chain variable region 

3 is the sequence designated Lb (SEQ. ID NO; 8) in Pig. 6. 

4 11. The humanized immunoglobulin of claim 1, vherein the 

5 amino acid sequence of the mature heavy chain variable region 

6 is the sequence designated Ha (SFQ. ZD NO: 11) in Fig. 7. 

1 12. The humanized immunoglobulin of claim 1, vherein the 

2 amino acid sequence of the mature heavy chain variable region 

3 is the sequence designated Kb (SEQ. ZD NO: 12) in Fig. 7. 



1 13. The humanized immunoglobulin of claim 1, vherein the 

2 amino acid sequence of the mature heavy chain variable region 

3 is the sequence designated He (SEQ. ID NO: 13) in Fig. 7. 



1 14. The htimanized immunoglobulin of claim 9, vherein the 

2 amino acid sequence of the matiure heavy chain variable region 

3 is Ha (SEQ. ID NO: 11) in Fig 7. 



1 15* The humanized immunoglobulin of claim 9, vherein the 

2 amino acid sequence of the mature heavy chain variable region 

3 is Hb (SEQ. ID NO: 12) in Fig 7. 
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1 16. The huaaniz d imtmogl bulin of elalBs 9, vharain 

2 the anlno acid sequenca of tha satura haavy chain variabla 

3 region is designated He (SEQ. ID NO: 13) in Fig. 7. 



1 
2 

1 
2 

X 
2 



17. An antigen-specific binding fragaent of the 
humanized iuunoglobulin of claia 14 or claia 16. 

18. A huaanized iaaunoglobalin of claia 14 or 16 that 
has a constant region doaain. 



19. A huaanized iaaunoglobulin of claia 18 i 
constant region doaain has an effector function. 



%merein the 



1 20. A huaanized iaaxinoglobulin of claia 18 wherein the 

2 constant region doaain lacks an effector function. 

1 21. The huaanizod iaaunoglobulin of claia 19, wherein 

2 tha effector function is capable of compleaent fixation or 

3 antibody dependent cellular toxicity. 

1 22. A nucleic acid encoding a heavy chain of a huaanized 

2 antibody of claia 1 or an antigen-specif ic binding fragaent 

3 thereof • 

1 23. A nucleic acid encoding a light chain of a huaanized 

2 antibody of claia 1 or an antigen-specific binding fragaent 

3 thereof. 




1 24. An apparatus comprising a coaputer prograaaed to 

2 display a three«-diaensional representation of a huaanized 

3 immunoglobulin of claim 1 on a monitor. 

1 25. A pharmaceutical composition comprising a humanized 

2 antibody of claim 14 or 16, or a binding fragment thereof, and 

3 a pharmaceutical ly acceptable carrier therefor. 

1 26. A method for detecting VLA-4 antigen, the method 

2 comprising: 
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adalnistering a humaniased laaunoglobulin of claim 14 or 
16, or an antigen-specific binding fragment thereof, to a 
r issue sample from a patient; and 

detecting complexes foxmed by specific binding between 
the antibody or fragment and VLA^A present in the target 
sample. 

27. A method of inhibiting adhesion of a leuXocyte to an 
endothelial cell, the method comprising administering a 
therapeutically effective amount of the pharmaceutical 
composition of claim 25. 

28. The method of claim 27, vherein the endothelial cell 
is a brain cell. 

29. A method of treating an inflammatory disease in a 
patient comprising administering to the patient a 
therapeutically effective amount of the pharmaceutical 
composition of claim 25. 

30. The method of claim 29 vherein the inflammatory 
disease is multiple sclerosis. 

31. The method of claim 29, vherein the patient is 
already suffering from multiple sclerosis and the 
administration of the pharmaceutical composition at least 
partially arrests the symptoms of the disease. 

32. The method of claim 29, vherein the inflammatory 
disease is inflammatory bovel disease, ulcerative colitis, 
Crohn's disease, rheumatoid arthritis, asthma or acute 
juvenile onset diabetes (type 1) . 
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BDHAVZaSD MTZBODXBS mO&ZVSV ZMQMOCm A&BBSZOV UOLMCUtM 

ABSTRACT 

The invention provides humanized inunoglobulins tha^ 
specifically bind to tha VLA-4 ligand, and mathoda of 
traataant using tha aaaa. Tha aathoda ara particularly uaaful 
for traataant of aultipla aclaroaia* 
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atgagggcccctgctcagatttttggattcttggtcaggagacgttgt 

1 

tactcccggggacgagtctaaaaacctaagaaccagtcctctgcaaca 
ACTAGTCGAC ATGAGGGCCCCTGCTCAGTTTTTTGGCTTCTTG- 3 ' 

A A C AA 

MKV4 PRIMER 

agaaatgagaccgtctattcagttcctggggctcttgttgttctggcttcatgg 

49 

tctttactctggcagataagtcaaggaccccgagaacaacaagaccgaagtacc 

(MRPS IQFLGLLLFWLHG 

LEADER 

tgctcagtgtgacatccagatgacacagtctccatcctcactgtctgcatctct 

103 

acgagtcacactgtaggtctactgtgtcagaggtaggagtgacagacgtagaga 

AQOIDIQMTQSPSSLSASL 

FRl 

gggaggcaaagtcaccatcacttgcaagacaagccaagacattaacaagtatat 

157 

ccctccgtttcagtggtagtgaacgttctgttcggttctgtaattgttcatata 

GG KVT ITC)[KTSQD I NKYM 

CDRl 

ggcttggtaccaacacaagcctggaaaacgtcctaggctgctcatacattacac 

211 

ccgaaccatggttgtgttcggaccttttgcaggatccgacgagtatgtaatgtg 

AltWYQHKPGKRPRLL I H]IYT 

FR2 

atctgcattacagccaggcatcccatcaaggttcagtggaagtgggtctgggag 

265 

tagacgtaatgtcggtccgtagggtagttccaagtcaccttcacccagaccctc 

SALQPUGIPSRFSGSGSGR 
CDR.^ 

FIG. 1-1. 
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agattattccttcaacatcagcaacctggagcctgaagatattgcaacttatta 

tctaataaggaagttgtagtcgttggacctcggacttctataacgttgaataat 

DYSFNISNLEPEDIATYY 
FR3 

ttgtctacagtatgataatctgtggacgttcggtggaggcaccaagctggaaat 

aacagatgtcatactattagacacctgcaagccacctccgtggttcgaccttta 

CHLQY DN LWTKF GGGT KLE I 
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3' -GTAGAAGGGTGGTAGGTGGGCCCT 
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gtttgcccgactacgacgtggttgacataggcagaagggtggtaggtgggccct 
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FIG. 1-2. 
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atgaaatgcagctgggtcatgttcttcctgatggcagtggttacaggg 

1 

tactttacgtcgacccagtacaagaaggactaccgtcaccaatgtccc 
ACTAGTCGACATGAAATGCAGCTGGGTCATCTTCTTC-3' 

G 

MHVl PRIMER 

(MKCSWVMFFLM AVVTG 

LEADER 



49 



gtcaattcagaggttcagctgcagcagtctggggcagagcttgtgaagccaggg 

cagttaagtctccaagtcgacgtcgtcagaccccgtctcgaacacttcggtccc 

VNS][EVQLQQSGAELVKPG 

FRl 
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157 



211 



265 



gcctnagtcaagttgtcctgcacagcttctggcttcaacattaaagacacctat 

cggagtcagttcaacaggacgtgtcgaagaccgaagttgtaatttctgtggata 

ASVKLSCTASGFNIKJIDTY 

CDRl 

atacactgtgtgaagcagaggcctgaacagggcctcgagtggattggaagga. t 

tatgtgacacacttcgtctccggacttgtcccggaccucacctaaccttcctaa 

IH}ICVKQRPEQGLEWIG1(RI 

FR2 

gatcctgcgaatggttatactaaatatgacccgaagttccagggcaaggccac*: 
ctaggacgcttaccaatatgatttatactgggcttcaaggtcccgttccggtga 

DP ANGYTKYDPKFQGllKAT 

CDK2 

ataacagctgacacatcctccaacacagcctacctgcagctcagcagcctgaca 

tattgtcgactgtgraggaggttgtgtcggatggacgtcgagtcgtcggaccgt 

ITADTSSNTAYLQLSSL T 

FR3 

FIG. 2-1. 
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tctgaggacactgccgtctatttctgtgctagagagggatattatggtaactac 

agactcctgtgacggcagataaagacacgatctctccctataataccattgatg 

SEDTAVVFCARJIEGYYGNY 

CDR3 

ggggtctatgctatggactactggggtcaaggaacctcagtcaccgtctcctca 
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S S) 

FIG. 2-2. 
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Hindlll K02AK SEQtfSNCE "^'^ 

aagrrt yrr^gracgatiaaQaccatctattcaatltcctQQaQctictitiatitiQtil^c 

1 

ttcgaacggcggt ggtactctggcagataagtcaaggaccccgagaacaacaag 

IMRPSIQFLGLLLF 

LEADER 

tggcttcatggtgctcagtgtgacatccagatgacacagtctccatcctcactg 

55 — 

accgaagtaccacgagtcacactgtaggtctactgtgtcagaggtaggagtgac 

WLHGAQOIDIQMTQSPSSL 

FRl 

tctgcatctGTAggaGATAGAgtcaccatcacttgcaagacaagccaagacatt 

109 

agacgtagaCATcctCTATCTcagtggtagtgaacgttctgttcggttctgtaa 

SASVGDRVTITC)[KTSQDI 

CDRl 

aacaagtatatggcttggtaccaaCAGACAcctggaaaaGCTcctaggctgctc 

163 

ttgttcatataccgaaccatggttGTCTGTggaccttttCGAggatccgacgag 

NKYMA}(WYQQTPGKAPRLL 

FR2 

atacattacacatctgcattacagccaggcatcccatcaaggttcagtggaagt 

217 ! 

tatgtaatgtgtagacgtaatgtcggtccgtagggtagttccaagtcaccttca 

IHUyTSALQPHGIPSRFSGS 
CDR2 

gggtctgggagagattatACTttcACCatcagcAGCctgCAGcctgaaqatatt 

271 

cccagaccctctctaataTGAaagTGGtagtcgTCGgacGTCggacttctataa 

GSFRDVTFTISSLQPEDI 

FIG. 10-1. 
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SPLICE DONQR STTE BamHI 
aAgRTRgaaat-ea aaefftgagf- aaatee 

ttcCACctttagtttgcactcacctagg 

K V E 1 KJ 

F/G. 

Hindlll K07.AK SEQUENCE 
AAGCTT GCCGCCACCATG GACTGGACCTGGCGCGTGTTTTGCCTGCTCGCCGTG 

L 

TTCGAACGGCGGTGGTACCTGACCTGGACCGCGCACAAAACGGACGAGCGGCAC 

(MDWTWRVFCLLAV 

LEADER 

GCTCCTGGGGCCCACAGCCAGGTGCAACTAGTGCAGTCCGGCGCCGAAGTGAA6 

CGAGGACCCCGGGTGTCGGTCCACGTTGATCACGTCAGGCCGCGGCTTCACTTC 
APGAHS)(QVQLVQSGAEVK 
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109 




163 



AAACCCGGTGCTTCCGTGAAAGTCAGCTGTAAAGCTAGCGGTttcaacattaaa 

TTTGGGCCACGAAGGCACTTTCAGTCGACATTTCG ATCGCC Aaagt t gt a a 1 1 1 

KPGASVKVSCKASG FNIK]( 
FPl 

gacacctatatacacTGGGTTAGACAGGCCCCtGGCCAAaGGCTgGAGTGGATg 

ctgtggatatatgtgACCCAATCTGTCCGGgGaCCGCTTtCCGAcCTCACCTAc 

DTY I HJIWVRQAPGQRLEWM 
CDRl FR2 

FIG. 11-1. 
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CCttcctaactaggacgcttaccaatatgatttatactgggcttcaaggtcccg 

OIRIDPANGYTKYDPKFQG]! 
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cgggtcACCatcACCgcaGACACCTCTgccagcACCGCCTACATGGAACTGTCC 
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gcccagTGGtagTGGogtCTGTGGAGAcggtcgTGGCGGATGTACCTTGACAGG 

RVTITADTSASTAYMELS 
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AGCCTGCGCTCCGAGGACACTGCAGTCTACTACTGCGCCagagagggatattat 

325 

TCGGACGCGAGGCTCCTGTGACGTCJVGATGATGACGCGGtctctccctataata 

SLRSEDTAVYYCARICEGYY 

ggtaactacggggtctatgctatgGACTAcTGGGGtCAaGvjaACCCTTGTCACC 

379 

ccac t ga t gccccagat a cga t a cCTGATgACCCCaGTt CCt TGGGAACAGTGG 

GNYGVYAMDY](WGQGTLVT 
CDR3 FR4 

SPLICE DONOR SITE BamHI 
GTCt ccT£2i251£i^!31GGATCC 

433 

CAGaggAGTCCACTCACCTAGG 

V S S) 

FIG. 11-2, 
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